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In an earlier volume of the Annals (Ann. Ent. Soc. Am., 
IX, 1916, pp. 366-390), Mr. W. L. McAtee published a key 
to the species and varieties of Paracalocoris Distant known at 
that time. During the intervening years the writer has ac- 
cumulated material which includes seven hitherto unrecognized 
species which are described in the present paper. In addition, 
Capsus externus H. S. has been recognized from Florida, found 
to be a Paracalocoris, and a key to the color varieties pub- 
lished (Ent. News, xxxvii, 1926, pp. 258-262). A new key is 
now included for the eighteen known Nearctic species with 
keys to the varieties of those species which present striking 
color forms. 


Paracalocoris salicis n. sp. 


Allied to colon Say, but distinguished by the longer first antennal 
segment, uniformly yellowish brown second antennal segment, and 
by the pale marks and coalescing pale dots on the dorsum. 

o. Length 6 mm., width 2.5mm. Head: width 1.15 mm., vertex, 
.50 mm. Rostrum, length 2.36 mm., nearly attaining hind margins 
of posterior coxe. Antenne: segment I, length 1.18 mm., slightly 
greater than width of head, set with several spine-like sete which 
reach above the half recumbent hairs, yellowish, with coalescing dark 
brownish spots at base of hairs; II, 2.22 mm., rather uniformly yellow- 
ish brown, somewhat darker at apex; III, .89 mm., blackish, narrowly 
pale at base. Pronotum: length 1.35 mm., width at base 2.06 mm. 


*Contribution from the Department of Zoology ard Entomology, Iowa State 
College, Ames, Iowa. 
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Dorsum clothed with short yellowish pubescence, more golden 
on clavus, and with a few sericeous hairs on scutellum and clavus. 
Ground color pale yellowish, but more or less clouded with dark brown; 
head, collar, anterior margin of pronotum, and calli, chiefly yellowish, 
but with fine brown marks intermixed. Pronotol disk brown with 
several small pale spots, several of which coalesce behind outer margin 
of calli to suggest a ray; median line pale yellowish and continued upon 
scutellum where the irregular dark color each side is composed of aggre- 
gated small dots. Pleura and sternum pale yellowish with dark marks 
on the sides. Hemelytra brown to dark brown and marked with pale 
dots which form in longitudinal series, one row along middle of corium, 
another along radial vein, while apex of embolium and inner apical 
angle of corium are more broadly pale; clavus more or less broadly 
pale along claval vein. Cuneus yellowish white, inner basal angle, 
apex and extending back along membrane margin, brownish. Mem- 
brane pale to brownish, darker apically and within the areoles; veins 
white, brown around smaller areole. Legs pale to yellowish and dark- 
ened with brown, the dark color broken by numerous pale dots; tibiz 
darker on basal third, band at middle, and narrow band at apex. Ven- 
ter yellowish, sides with three indistinct longitudinal dark lines which 
are separated by three obsolete yellow lines. 

9. Length 6.4 mm., width 2.6 mm. Head: width 1.14 mm., 
vertex .50 mm. Antenne: segment I, length 1.24 mm.; II, 2.22 mm.; 
III, 1 mm.; IV, .98 mm. Very similar to the male in pubescence and 
coloration. 


Holotype: &@ August 2, 1924, Priscilla Street, St. Paul, 
Minnesota (H. H. Knight); author’s collection. Allotype: 
taken with the type on Salix longifolia. Paratypes: 33 & 9, 
taken with the types. Colorado — 9? Aug. 4, 1925, Wray 
(H. H. Knight). Iowa—10o¢ 9 July 5, 1925, Ledges State 
Park (H. H. Knight). Minnesota — 82 @ 9? July 18, 1922, 
52a 2 July 11, 1923, Ramsey County, on Salix longifolia 
along the Mississippi river at Red Rock. o&@Q July 8, Lake 
City (A. A. Nichol). Nebraska — o& June 18, 1902, Spring- 
view Bridge, near Lincoln (W. D. Pierce). South Dakota — ¢ 
Aug. 7, 1922, Brookings (H. C. Severin). 

The writer has collected this species only on Salix longifolia, 
the sandbar willow, where it appears to be restricted in its 
breeding habits. Thus far it is the only species known to 
breed on willow. This species has been collected in large series 
and it is of interest to note that no well marked color varieties 
occur such as we find in scrupeus Say, externus H.S., and severini 
n. sp., only to mention a few. 
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Paracalocoris severini n. sp. 


Allied to salicis, but distinguished by the black second antennal 
segment; general coloration uniformly light red, a few lighter maculze 
evident when viewed under the binocular microscope. 

9. Length 6.5 mm., width 2.6 mm. Head: width 1.18 mm., 
vertex .56mm. Rostrum, length 2.3 mm., reaching to base of posterior 
trochanters. Antennz: segment I, length 1.26 mm., dark red, blackish 
at base, dorsal aspect with six or eight pale glabrous spots, set with 
several erect setze which in length equal or exceed thickness of segment; 
II, 2.37 mm., dark brownish black to black, an obsolete pale annulus 
at middle; III, 1.03 mm., pale yellowish, fuscous on apical one-third; 
IV, broken. Pronotum: length 1.38 mm., width at base 2.1 mm. 

General coloration light red or light brownish red, dorsum with a 
few lighter or yellowish red maculz; scutellum and pronotum with a 
rather sharply defined yellowish red median line, a shorter vitta against 
outer margin of discal spots; outer margin of cuneous pale to yellowish, 
the inner basal angle with a triangular fuscous spot. Membrane 
fuscous, darker within larger areole, a pale spot on margin behind 
apex of cuneous, veins white to yellowish, reddish about smaller areole, 
basal half of cubitus fuscous. Head yellowish, transverse lines on 
frons, sides and apex of tylus, dorsal margin of lora, and spots on basal 
angles of juga, reddish to brownish. Legs reddish brown, femora 
with numerous small and large, coalescing pale or white spots. Tibize 
with two distinct pale bands, the first just short of middle, the other 
subapical. Ventral surface reddish yellow to red, without sharply 
defined marks. 

oc. Length 5.9 mm., width 2.6 mm. Head: width 1.17 mm., 
vertex .52 mm. Antennz: segment I, length 1.3 mm.; II, 2.37 mm.; 
III, .98 mm.; IV, 1.11 mm. Pronotum: length 1.33 mm., width at 
base 2.1mm. Similar to the female in coloration and pubescnce. 


Holotype: 2 July 23, 1923, Newell, South Dakota (H. C. 
Severin); author’s collection. Allotype: @, same date as the 
type. Paratype: 9, taken with the types. 


Paracalocoris severini modestus n. var. 


Not differing structurally or in color of antennz from the typical 
form, but having a different aspect; dorsum light reddish brown to pale 
brown, dotted with numerous pale or obsolete macule; scutellum with 
median pale vitta distinct, but on pronotum more or less confluent 
with the paler color. 

3. Length 6 mm., width 2.5mm. Head: width 1.14 mm., vertex 
.00 mm. Antennz: segment I, length 1.21 mm.; II, 2.37 mm.; III, 
.98 mm.; IV, broken. Pronotum: length 1.33 mm., width at base 
2.04 mm. 


Type: #@ June 29, 1923, Newell, South Dakota (H. C. Sev- 
erin); author’s collection. Paratypes: @, taken with the 
type. 9, July 25, 1923, topotypic (H. C. Severin). 
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Paracalocoris severini nigriclavus n. var. 


Not differing structurally or in color of antennze from the typical 
form, but having a very different color aspect; clavus, inner half of 
corium, and inner basal angle of cuneus, blackish; embolium, cuneous, 
and outer half of corium pale yellowish to reddish; scutellum reddish 
brown, the pale median line very distinct; pronotal disk yellowish 
to brownish, fuscous on basal half, but with median pale vitta distinct. 

o&. Length 6 mm., width 2.5mm. Head: width 1.15 mm., vertex 
.0 mm. Antenne; segment I, length 1.15 mm.; II, 2.31 mm. Pro- 
notum: length 1.3 mm., width at base 2.04 mm. 


Type: &@ June 28, 1923, Newell, South Dakota (H. C. 
Severin); author’s collection. Paratypes: &, taken with the 
type. of July 25, 1923, topotypic (H. C. Severin). 


Paracalocoris gleditsie n. sp. 


Allied to colon Say, but distinguished by having several prominent, 
erect, bristle-like hairs on the hind femora which in length exceed 
thickness of tibia; antennal segment II dark with pale annulus only 
at middle, while the hind femora have one large and several smaller 
white spots. 

o. Length 5.4 mm., width 2.2 mm. Head: width 1.05 mm., 
vertex .47 mm. Rostrum, length 2.04 mm., reaching to middle of 
hind coxe. Antennz: segment I, length .89 mm., dark reddish brown, 
with a few small white dots, length of bristles on inner side exceeding 
thickness of segment, more sparsely clothed with recumbent hairs than 
colonus McA; II, 1.9 mm., brownish black, a pale annulus at middle, 
somewhat lighter brown before annulus; III, .81 mm., dark brown to 
fuscous, paler at base; IV, .83 mm., fuscous, narrowly pale at base. 
Pronotum: length 1.2 mm., width at base 1.86 mm.; dark brown, basal 
half of disk blackish, slender basal edge pale, with seven or eight pale 
spots on sub-basal margin, bordering outer margin of the black discal 
spots, and four short longitudinal marks between, pale to white; the 
pale areas on propleura and head nearly as in colonus. Scutellum 
dark brown, slender median line and irregular marks each side near 
apex, pale. 

Hemelytra dark brownish black, somewhat paler at base of corium 
and apex of clavus; embolium, corium, and cuneous with several small 
pale or white dots. Membrane infuscated nearly as in colonus, vein 
about apex of larger areole white. Venter with sides brownish black, 
each segment with three yellow marks which taken together suggest 
broken longitudinal lines. Legs reddish brown, irregularly marked 
with white dots, femora much darker at base, hind pair with a large 
white spot on dorsal aspect beginning at middle; tibiz with white band 
at middle, narrower and more distinct than in colonus. 

9. Length 5.8 mm., width 2.7 mm. Head: width 1.12 mm., 
vertex .54 mm. Antenne: segment I, length .99 mm.; II, 1.92 mm.; 
III, .75 mm.; IV, .78 mm. Pronotum: length 1.3 mm., width at base 
2.04mm. Very similar to the male in pubescence and coloration. 
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Holotype: #? July 2, 1925, Ames, Iowa (H. H. Knight); 
Iowa State College collection. Allotype: taken with the type. 
Paratypes: 59, taken with the types. o July 1, 1897, Ames, 
Iowa (E. D. Ball). This species was found breeding on honey 
locust (Gleditsia triacanthos) to which plant it seems to be 
confined in its breeding habits. 


Paracalocoris trivittatus n. sp. 


Allied to gleditsie but distinguished by the longer antennal segment I 
which exceeds width of head; pronotum and scutellum trivittate with 
pale, radial vein bordered with pale on outer margin, juga uniformly 
dark brown. 

o. Length 5.8 mm., width 2.36 mm. Head: width 1.06 mm., 
vertex .47 mm.; colored nearly as in colonus, but the juga uniformly 
dark brown. Rostrum, (imbedded) apparently reaching upon base of 
hind coxe. Antennz: segment I, length 1.09 mm., brownish black, 
scarcely lighter apically, somewhat more densely clothed with pubescent 
hairs than colonus McA.; II, 2.29 mm., dark brownish black, pale at 
middle and next to the dark base, with light brown on basal half be- 
tween the pale bands, III, 1 mm., pale, apical third brown; IV, missing. 

Pronotum: length 1.18 mm., width at base 1.85 mm.; dark brownish 
black, median line of disk and another each side beginning at outer 
margin of the discal spots, pale; also a short pale spot against inner 
margin of discal spots, the dark color of disk only broken by two or 
three other small pale dots; basal margin of disk slenderly pale, the 
pale line extending around sides on dorsal margin of propleura where 
it is paralleled by a second pale line just below, the propleura otherwise 
pale to light brown. Scutellum brownish black, with sharply defined 
pale median line, appearing as an extension of that on pronotum, also 
each side with a pale vitta from near basal angle that runs parallel 
to lateral margin. 

Hemelytra dark brownish black, clothed with brown and silvery 
pubescence intermixed; bordering radial vein on outer side and extend- 
ing beyond middle of corium, mark at base of corium, slender outer 
edge of embolium and cuneus, several small spots on outer apical half 
of corium, five or six coalescing spots across middle of cuneus and ex- 
tending across inner basal angle, pale. Membrane uniformly brownish 
black, a paler spot on margin just behind cuneus, veins concolorous 
but pale around apex of larger areole. Legs dark brownish black, 
with one large and numerous small pale spots much as in gleditsie; 
tibiz with pale bands broader than the dark bands; hind tibize with 
pubescence short and spines prominent; femora with a few short bristle- 
like hairs much as in colonus McA. 


Holotype: #@ July 24, 1921, Columbus, Mississippi (C. J. 
Drake); author’s collection. 
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Paracalocoris breviatus n. sp. 


Allied to heidemanni Reut., and very similar in coloration with 
light shade of burnt sienna, but distinguished by the shorter first anten- 
nal segment which is not equal to width of head, and by the smaller 
size. 

3. Length 4.4 mm., width 2mm. Head: width .98 mm., vertex 
41 mm. Rostrum, length 1.74 mm., reaching to near hind margin 
of posterior cox. Antennz: segment I, length, .83 mm.; II, 1.74 mm., 
just equal to length of rostrum, yellowish brown, apical half blackish; 
III, .75 mm., blackish, basal one-fourth pale; IV, .80 mm., fuscous, 
slightly pale at base. Pronotum: length 1 mm., width at base 1.6 mm.; 
collar distinctly convex, while in heidemanni it is distinctly flattened 
and lies in the same plane with pronotal disk. 

General coloration very similar to heidemanni, being a light shade 
of burnt sienna, but the clavus more uniformly colored; base of juga 
with a yellow spot lying in the angle against base of tylus while the 
yellow on lower margin of juga is confined to apex. Dorsum clothed 
with golden yellow pubescence. 

9. Length 4.2 mm., width 1.8 mm. Head: width 1.26 mm., 
vertex .44 mm. Antenne: segment I, length .84 mm.; II, 1.62 mm.; 
III, 1.36 mm.; IV, .87 mm. Pronotum: length 1.03 mm., width at 
base 1.62 mm. Coloration and pubescence similar to the male. 


Holotype: # June 12, 1917, LeRoy, Alabama (H. H. Knight); 
author’s collection. A/lotype: taken with the type. Paratypes: 
16 9, taken with the types. 

This species was collected on an undetermined shrub found 
growing in sandy places along the river near LeRoy, Alabama. 


Paracalocoris nicholi n. sp. 


Allied to marmoratus Uhl., but distinguished by the shorter first 
antennal segment and the light red to madder brown hue of the reticu- 
late pattern on the dorsum. 

o. Length 5 mm., width 2 mm. Head: width 1 mm., vertex 
.46 mm.; yellow, median line of vertex, transverse lines on frons, base 
and apex and spots on middle of tylus, two spots on base of juga, and 
mark on dorsal margin of lora, reddish to blackish. Rostrum, length 
1.5 mm., reaching to near hind margin of posterior coxe, yellowish to 
brownish black on apical segment. Antenne; segment I, length .89 
mm., black, dorsal aspect with three or four large glabrous white spots, 
pubescence short and recumbent, length of bristles not exceeding 
thickness of segment; II, 1.57 mm., uniformly dark brownish black; 
III, 1 mm., black, narrowly pale at base; IV, .78 mm., black. Pro- 
notum: length 1.12 mm., width at base 1.74 mm., dorsal aspect chiefly 
madder brown, irrorate with numerous yellow spots; discal spots black, 
surrounded by yellowish; propleura yellow, with a fine, interrupted 
reddish line along dorsal margin and a short line behind lower margin 
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of coxal cleft. Scutellum dark madder brown, slender median line 
and more broadly on apex, pale yellowish, also a few small pale flecks 
in the dark color near lateral margins. 

Dorsum clothed with pale to silvery recumbent pubescence, heavier 
and more abundant than in marmoratus Uhler. Hemelytra chiefly 
light red to madder brown, leaving numerous rather small pale irrora- 
tions; embolium pale, dark at apex; cuneus pale, tinged with reddish 
longitudinally thru the middle, narrow apex dark. Membrane dark 
brownish black, veins pale, reddish about smaller areole and blackish 
on basal half of cubitus. Ventral surface chiefly yellowish, brownish 
on sternum; venter with a submarginal red line formed by a series 
of triangular spots, one on each segment. Legs pale to yellowish, 
femora strongly marked with reddish reticulations, posterior aspect 
pale except apically; tibiz pale but with black spines and short fuscous 
pubescence, tarsi fuscous. 

9. Length 5.8 mm., width 2.5 mm. Head: width 1.04 mm., 
vertex .53 mm. Antennz: segment I, length .93 mm.; II, 1.83 mm.; 
III, 1 mm.; IV, .72 mm.; colored as in the male but segment II with 
pale annulus just short of middle. Pronotum: length 1.25 mm., width 
at base 2.07 mm. Very similar to the male in coloration and pubescence. 


Holotype: & September 13, 1925, Oracle, Arizona, alt. 
4500 ft. (A. A. Nichol); author’s collection. AJllotype: same 
data as the type. Paratypes: o&, taken with types. 347, 
September 4, 3c7 19 September 9, 1925, Santa Rita Moun- 
tains, Arizona (A. A. Nichol). Named in honor of the collector, 
Mr. A. A. Nichol, who has favored the writer with many new 
and interesting Miride. 


Paracalocoris floridanus n. sp. 


Allied to multisignatus Reut., but differs in the greenish yellow 
color and shorter antennal segments; segment II in length not equal 
to width of pronotum at base. 

o'. Length 4.6 mm., width 2.3 mm. Head: width 1 mm., vertex 
47 mm.; uniformly yellowish. Rostrum, length 1.76 mm., reaching 
upon middle of hind coxe. Antenne: segment I, length .86 mm., 
yellowish, with obsolete pale brownish reticulations, bearing several 
yellowish brown setz which in length about equal thickness of segment; 
II, 1.77 mm., pale yellowish brown, pale on basal one-fifth, with a more 
distinct pale band beginning at middle and extending for a space equal 
to one-fifth the total length of segment; III, .74 mm., pale to yellowish, 
becoming fuscous on apex. Pronotum: length 1.14 mm., width at 
base 1.8 mm.; uniformly greenish yellow, the discal spots marked only 
with a fuscous dot. Scutellum greenish yellow, with a few brown 
flecks at middle of base. 

Dorsum clothed with pale to golden yellow pubescence. Hemelytra 
pale greenish yellow, clavus lightly shaded with brownish near apex 
of scutellum; corium with a small cloud on middle of basal half, and a 
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larger cloud on middle of apical half, light brown. Cuneus greenish 
yellow, apex and inner basal angle flecked with brown. Membrane 
uniformly pale yellowish brown, veins pale greenish to yellowish. Ven- 
tral vallene and legs rather uniformly greenish yellow; hind femora 
flecked with brownish on apical one-fifth. 


ry 


2. Length 5.5 mm., width 2.5 mm. Head: width 1.03 mm., 
oe .omm. Antenne: segment I, length .95 mm.; II, 1.86 mm.,; 
III, .83 mm.; IV, .86 mm. Pronotum: length 1.27 mm., width at base 
1.95 mm. Slightly larger and more robust than the male but very 
similar in coloration and pubescence. 
Holotype: # May 9, 1918, Gainesville, Florida (C. J. Drake) 

author’s collection. Allotype: topotypic, May - 1918 (C. r 
Drake). 


Paracalocoris marmoratus (Uhler). 
1894 Poecilocapsus marmoratus Uhler, Proc. Calif. Acad. Sci., ser. 2, IV, p. 263. 
1916 Paracalocoris acceptus McAtee, Ann. Ent. Soc. Am., IX, p. 389. 
1919 Paracalocoris acceptus var. marmoratus McAtee, Ent. oon, XXX, p. 247 

Uhler described this species from specimens collected in 
Lower California and mentioned fragments of specimens from 
Texas and Maryland, the latter no doubt misidentified. I have 
recently examined cotypes from the Uhler collection now found 
in the U. S. National aan Mr. McAtee overlooked the 
the fact that Uhler had published a description of marmoratus. 
Perhaps the form acceptus McAtee can be separated as a var- 
iety altho the difference in color is slight. 

I have identified the following material which furnishes ad- 
ditional records for the species: Arizona-6 o& 9 July 12, 1924, 
& 9 Aug. 29, 1925, Tucson; ? Sept. 13, 1925, (alt. 4500 ft.) 
Oracle; 2 &@ Sept. 26, 1925, Santa Rita Mts. (A. A. Nichol). 
3& July 25, 1922, Douglas (H. Letcher). 


Key to the Species of Paracalocoris. 


1. Hind tibie thickly clothed with long, erect hairs which obscure or 
become confused with the tibial spines. . Si im sw IR re 

Hind tibiz with hairs shorter and more appressed, especially on inner 
side, hairs not easily confused with the true spines 


9b 


2. Discal spots of pronotum black or marked with black Rr ere eee 
Discal spots of pronotum ye llowish or orange colored; length of antennal 
segment I distinctly greater than length of pronotum... externus H. S. 
3. Antennal segment I as "long as or longer than pronotum (by micrometer 
measurement ; ; Seek ead ci eee 





Antennal segment I shorter than lengt th of pronotum..... Silas re 
4. Coloration everywhere except discal spots and me mbrane, ; a lighter or 
darker reddish brown; basal width of pronotum exceeding 2 mm., 
adustus McA. 


Otherwise colored : . ee ‘ 5 
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6. 


10. 


11. 
12. 


13. 


14. 





Antennal segment I equal to width of head plus dorsal width of an eye; 
collar, embolium and cuneus uniformly orange yellow; larger, length, 
PPR, a6 kaon ens walee na es xo ewed nd as Othe limbus McA. 

Antennal segment I not equal to width of head plus dorsal width of an 
eye; collar, embolium and cuneus not uniformly colored; smaller, 


as: GH NB nig seis sa vcrintnnenaweredete ented eee hawleyi ae, 
Length of antennal segment I equal to or greater than width of head........ 
Length of antennal segment I not equal to width of head.................. il 


Ground color a medium to dark shade of burnt sienna, marked with pale 
yellowish stripes, the longest stripe bordering radial vein and termi- 
nating at inner angle of cuneus, another one on corium paralleling the 
OE aang 0 Wien ee hb G RRL EE Ce Aca eo eit aera heidemanni Reut. 

CORTE ID COMO, «, 5o'x:5550:0's sawn wake aceedanuedekeverenukern ee ateasas 8 

Dorsum pale to ye ‘lowish, marked with numerous black reticulations; 
embolium with outer edge blackish, cuneus pale, a broad blackish ray 
extending from outer basal angle toward middle..........marmoratus Uhl. 

COTE CHD isu o.t:0 hs wide dn ap dans antennas hones aeenes eereerods i raaan 

Antennal segment II uniformly yellowish brown, or blackish only on 
apical half rrr err tree Ceuentspneter erences ea 10 

Antennal segment II dark brownish black to black, sometimes with an 
obsolete cake band at middle; scutellum with distinct pale median line, 

severini n. sp. 
(a) Hemelytra and pronotum uniformly light reddish, a few lighter 


CUE QUININE 6 os i cays ange dasees variety severini typical 
(b) Hemelytra and pronotum light red lish brown, with numerous 
small, paler macule evident.........variety modestus n. var. 


(c) Clavus and inner half of corium dark fuscous to blackish, 
variety nigriclavus n. var. 
Antennal segment II with apical half black; pronotum and scutellum 


distinctly trivittate with pale... .. 2... sgsccesences .trivittatus n. sp. 
Antennal segment II uniformly yellowish brown; pronotum and scutellum 

with pale areas more or less confluent..............eceeeeus salicis n. sp. 
Dorsum strongly shining, sparsely pubescent.................0eceeeeeeee 12 
Dorsum not distinctly shining, strongly pubescent....................006- 13 


Length of antennal segment II not equal to width of pronotum at base; 
general coloration pale to greenish yellow, with only a few dark mark- 
ings; cuneus and scutellum without dark marks, the latter tinged with 
IN id Sch we Nee ncaa ere Ue ebek od hdewan wancene snes deleticus Reut. 

Length of antennal segment II equal to or greater than width of pronotum 
at base; general coloration dark brownish black or fusco-piceous, 
spotted with numerous small and some large yellowish marks; cuneus 


and scutellum dark, marked and spotted with yellow..... jurgiosus Stal 
Ground color a light burnt sienna, radial vein bordered by a pale yellow 
stripe which terminates at inner angle of cuneus........... breviatus n. sp. 
Cree IONS 30-05 6 Gs 0 6a4 cn 40k bute co as ava ane ie alec ea ees 14 
Dorsum chiefly light red to madder brown, leaving numerous small pale 
irrorations, embolium pale except apex; antennal segment II uniformly 
blackish, sometimes with pale annulus just before middle..... nicholi n. sp. 
CORA I GUNN oon wink oc a.cm woh peaee ccudas an cone na Deladaneee eee: 15 
Ground color dark brown, the paler color taking the form of fine lines and 
WN oon conc Wesckes cosdapce ete cnoatecsducaristhetcubonatran 16 
Ground color sometimes dark brown, but in that case the dorsum mottled 
with several large yellowish patches. ..:... 2.65 siccccecscceevcerscsenes 17 


Hind femora with several prominent, erect, bristle-like hairs which in 
length exceed thickness of tibia; antennal segment II dark, with pale 
annulus only at middle; hind femora with one —_ and several smaller 
white spots. . .. .gleditsiz n. sp. 

Hind femora with not more than two or three bristle-like hairs which in 
length exceed thickness of tibia; antennal segment II broadly pale to 
yellowish on basal half except narrow base; hind femora with numerous 
small yellow dots and sometimes with a larger yellowish mark at 


middle, but never with clearly defined white spots.. .. .....colon Say 
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17. Antennal segment II not equal to width of pronotum at base; ground color 
yellowish to greenish, the darker color forming in large cloud-like 
ARCS Git We COUN, «05 5.005 45.cecessiccnsiesnais ....floridanus n. sp. 

Length of ge 9 segment II exceeding width of pronotum at base; 
ground color of the dorsum dark brown, mottled with several large 
yellow patches, one on apical half of sc utellum, apex of clavus, middle 
of corium, apex of embolium and outer half of corium, and three areas 
OR INR ea cs schedake vane siccsaeces .eeeeeeeess.- Multisignatus Reut. 


Key to Color Varieties of Paracalocoris externus H. S. 


1. Hemelytra with embolium and cuneus orange colored.................00005 2 
Hemelytra with embolium and cuneus black............... cee eee eee eeeee 3 
2. Scutellum orange colored.......... Sv cvvcese oe scc es sO) DUCRE CRUNEINID 2s, Be 
RNIN, SOI 5 as. sss wld ra Ass rb & (wave Sm bi Seace ....... Variety solutus Kngt. 
3. Somdeliam:- With GOMC OTAMES COI. cn dc csccccvsccssvcvovesesevecccsscess 4 
Seen NIE SOEINI bo5 5 5a, 5.6 wien sxss na ee wore een as WAC a 5 


4. Scutellum orange colored, with not more thar in narrow lateral margins 
black; pronotum with orange color extending transversely across hind 
margins of calli, including the pair of impressed spots, and reaching 
upon the propleura, also extending posteriorly along median line of 


disk to basal margin or just short of it..............variety incisus Walk 
Scutellum with median line only orange colore Ps . variety scissus Kngt. 
5. Pronotum transversely marked with orange nearly as in incisus, 
variety totus Kngt. 
Pronotum black between the calli and along median line of disk, the 
orange color reduced to a small area each side, which includes the 
discal spots then extending laterally upon the propleura, 
variety notatus Kngt. 
Key to Color Varieties of Scrupeus Say. 
1. Hemelytra with costal margin colored similarly to disk of corium........ 2 
Hemelytra with costal margin, or at least the cuneus, distinctly paler in 
ee ee ee Ee ee err arn 9 
2. Pronotum with dark markings in addition to the discal Cs crccciarck vas 3 
Pronotum without definite dark mz irkings in addition to discal spots...... 8 
3. Pronotal disk and scutellum orange to pale red, anterior to discal spots 
dusky to piceous, basal angles of disk usually with piceous dots or more 
or less clouded eos eceseseee co ccecneveces ee” coeeeeeccose 4 
Pronotal disk otherwise marked..................... 5 
SCOPE TORE oi oie saci n snc scvevreieseses . ty pic al scrupeus Say 
Corium dark red, cuneus some whe at lighte re eh sere variety rubidus Mc A. 
ey RN SIE oi ane ave dled ngs cies ngioch caw kcsee cuipeamee sic 6 


Pronotum pale except ‘for indistinct vitta and dusky maculations from 
discal spots to posterior margin, and between these and lateral m¢ urgins; 
a broad pale vitta traversing scutellum, thorax, and top of head; corium 
INE 55 kn coin Sai dks 5 acerhcele we 8.E Viele sl gl ee variety percursus McA 
6. Scutellum dark 
Scutellum chiefly yellowish or reddish; ‘pronot 1 disk dark above e xcept 
for a median and two lateral areas in line with the discal spots, 
variety triops McA. 
7. Scutellum piceous; pronotal disk with two lateral yellow areas, 
variety diops McA. 
Scutellum dusky with median pale vitta, spots on clavus and corium 
yellowish red (ine Dae weed orieun aa eaiaaes variety delta McA. 
8. (2) Corium reddish brown with yellowish dots. ; variety compar McA. 
C orium except apex, clavus — base and slender inner margin, uni- 
formly orange-red Sanat ere eee variety ardens McA. 
9. (1) Cuneus and sometimes spots on corium ‘lighte r in color than disk ..10 
C uneus and costal margin entirely reddish or yellowish ..13 
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10. 


11. 


13. 


14, 


16. 


17. 


oo 
| 
“I 


Pronotal disk orange to pale red, anterior to discal spots dusky or even 
piceous, basal angles of disk clouded or with piceous dots, 
variety cunealis McA. 
PROMI GSE CUE WINS WIN so 6 nieve tren hereidic eck erinseoneensas ll 
Pronotal disk dark or dusky, with paler vitte laterad of discal spots 
and extending distad, also a light median patch which frequently 
enbeiis to ner EE TAGES... cS oid ec cS eccccdsveneds deeetnteesapaases 12 
Pronotal disk except discal spots and the anterior one-third, scutellum, 
cuneus, and hemelytral maculations, pale yellow... variety lucidus McA. 


Scutellum dark, with distinct median light vitta.......... variety par McA. 
Scutellum sordid or clouded yellow.................. variety sordidus McA. 
(9) Pronotum without dark markings between discal spots and basal 
DUI, 6 5 n.d 6 ois mien ad ddd 6s ee RSARWES 03 4b eee aE tee 14 
Pronotum with dark markings between discal spots and basal margin... .15 
Hemelytra with bootjack-shaped dark area, embolar margins, scutellum, 
and basal half of pronotum, yellowish or reddish. ...variety bidens McA. 


Hemelytra with bootjack-shaped mark obsolete, dorsal surface except 
base and inner apical angle of corium and slender inner margin of clavus, 
SUE: C0) WUE oc voces kts Cee ue ees svensned variety ardens McA. 

Pronotal disk with anterior one-third darkened..................2000000e 16 

Pronotal disk with anterior one-third yellowish or reddish, 

variety bicolor McA. 
woutelionn Gaaky, Medien HOO PANO. ues cciccs ccceieescececwanct saneceas 

Scutellum chiefly yellowish, median pale vitta bounded each side by a 
more or less complete wedge-shaped dark mark; corium and clavus 
spotted with yellow................ abiaae ack hadates variety varius McA. 

Clavus and adjacent parts of corium dusky......... variety nubilus McA. 

Clavus and adjacent parts of corium spotted with yellowish red, 

variety delta McA. 


Key to Color Varieties of Paracalocoris hawleyi Knight. 


Hemelytra with costal margins pale or yellowish.................ceeeeeeeee 2 
FICMMSlytLA WItHOUE PALO COREA] THATHNIB sooo snc cc cece cncccecasececercencens 3 
Costal stripe undivided, though it may contain a dark blotch at middle 

OE CS I soto css Ko tree's ecla he cacmeeead cy typical hawleyi Kngt. 
Costal stripe divided by a dark vitta which is broader posteriorly, leaving 

a very narrow pale costal margin...................0- variety fissus McA. 
Hemelytra except cuneus almost uniform fusco-piceous, although radius 

SE GOORR TRRY TG CO ie oicccc cut edssarcadccneecun variety ancora Kngt. 


Hemelytra and other parts of dorsum more or less spotted with yellow, 
variety pallidulus McA. 


Key to Color Varieties of Paracalocoris colon Say. 


Antennal segment II with narrow pale annulus next to blackish base, 
brownish beyond, but paler again at middle; hemelytra pale to grayish 
and with darker brown spots, or with background chiefly brownish and 


spotted with pale yellowish. ........ccsccccceccsceseccsce’ typical colon Say 
Antennal segment II pale or brownish on basal half, but without a 
distinctly paler annulus next to the blackish base.....................05- 2 


Hemelytra practically unicolorous pale to stramineus..variety castus McA. 
Hemelytra uniformly dark reddish brown to fusco-piceous, or with mark- 
TES TENE BI SIC COIS. 66 igo ota aha c <a oa Nae eecasee een 
Hemelytra always more or less spotted with yellow, and usually the 
pronotum; pronotum varying from reddish to fuscous, frequently vittate, 
variety colonus McA. 
Hemelytra without yellow spots, cuneus reddish and sometimes spotted, 
variety amiculus McA. 








NEW SPECIES OF CRANE-FLIES FROM SOUTH 
AMERICA. PART I. 


(Family Tipulidz, Order Diptera). 


CHARLES P. ALEXANDER 


Amherst, Mass.* 


The majority of the species described at this time are from 
Santa Barbara and Villarica, Paraguay, where they were col- 
lected by my friend, Mr. F. Schade. Other specimens dis- 
cussed at this time are from Argentina, collected by Dr. Carlos 
Bruch and Dr. Alexander Wetmore; Colombia, included in 
collections sent for naming by Mr. C. Howard Curran; Ecuador, 
taken by Mr. G. H. H. Tate; Paraguay, taken by Fiebrig, 
contained in the Vienna Museum and kindly sent to me for 
study by the Custodian of the Diptera, Dr. Hans Zerny; Peru, 
collected by Parish and by von Winthem, the latter specimens 
likewise included in the old collections of the Vienna Museum; 
Venezuela, collected by E. B. and J. H. Williamson and W. H. 
Ditzler. I express my sincere thanks to all of the above- 
named gentlemen for this cooperation in making known the 
vast Tipulid fauna of the Neotropical Region. Except where 
stated to the contrary, the types are preserved in the writer’s 
collection. 


A considerable proportion of the species are from Santa 
Barbara, Paraguay. I am indebted to Mr. Schade for the 
following notes concerning this locality: 


“The best area for collecting hereabouts is undoubtedly that of 
Santa Barbara, 20 kilos. northeast of Villarica, just where the virgin 
forest begins to extend via Couyuasu up to the Parana River vis-a-vis 
the Iyuaru Rapids. The country is moderately hilly and about 300 
meters high. It is mostly virgin forest, with large and small rivers. 
The country is alluvial and dilluvial, respectively, and only in the 
north granite is found.’’—F. Schade. 


* Contribution from the Department of Entomology, Massachusetts Agri- 
cultural College. 
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Helius St. Fargeau. 
Helius (Helius) pallidipes sp. n 


Head dark brownish gray, the vertex with a darker mark; mesono- 
tum brown, the pleura darker; femora pale brownish yellow, tibie 
and basitarsi china-white; wings grayish yellow with a brown clouded 
pattern at apex and in the anal angle; abdomen brownish black. 

Male—Length, 6.5-7 mm.; wing, 6-6.5 mm. Female—Length, 
6.5 mm.; wing, 5.8 mm. 

Rostrum about as long as the remainder of the head, dark brown. 
Antennz short, dark brown throughout; flagellar segments oval, be- 
coming gradually smaller outwardly, clothed with a dense erect white 
pubescence. Head dark brownish gray, the narrowed vertex paler, 
with a triangular darker brown spot just behind the narrowed portion. 

Pronotum and pleura sooty brown. Mesonotum rather bright 
brown, the praescutum darker medially; scutellum and postnotal 
mediotergite darker brown. Pleura brown, darker sooty brown dorsally, 
the surface sparsely pruinose. Halteres pale yellow, the knobs a trifle 
darker. Legs with the coxz and trochanters obscure yellow, the fore 
coxe darker; femora pale brownish yellow; tibize china-white, the 
extreme base and the extreme apex a trifle darkened; basitarsi china- 
white, their apices and the remaining tarsal segments dark brown. 
Wings with a grayish yellow suffusion, the costal region clearer yellow; 
stigma short-oval, brown; conspicuous brown clouds occupy the wing- 
apex, the anal angle in cells Cu, Ist A and 2nd A, and as less distinct 
seams along vein M and its branches; veins dark brown, C, Sc, R, the 
bases of M and Rs, and the tips of Ro,;3; and the Anal veins yellow. 
Venation: Sc ending about opposite midlength of Rs, Scz not far from 
its tip; Reis gently sinuous, cell R; being narrowed at outer end; inner 
end of cell /s¢ M 2 lying far before the level of the anterior cord, r-m 
being beyond midlength of the cell; m-cu shortly beyond the fork of M. 

Abdomen brownish black, including the hypopygium. 


Habitat: Paraguay. Holotype, &, Santa Barbara, October 
10, 1924 (F. Schade). Allotopotype, 92; paratopotype, ¢. 


Helius (Helius) larotypa sp. n. 

General coloration pale brownish yellow, the praescutum infuscated 
medially; thoracic pleura with a dark girdle; femora with the tips 
conspicuously infuscated; wings pale yellow, with a sparse handsome 
brown pattern; abdominal sternites yellow, each with a conspicuous 
transverse black band at base. 

Male—Length, 6.5 mm.; wing, 5.8 mm. Female—Length, 7 mm.; 
wing, 6.8 mm. 

Rostrum about one-third longer than the remainder of the head, 
dark brown, paler brown beneath; palpi dark brown. Antennz about 
one-half longer than the rostrum, brownish black throughout. Head 
gray, the orbital region lighter gray. 
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Pronotum pale yellow, with a narrow dark brown median vitta. 
Mesonotal praescutum pale brownish yellow, the median area in- 
fuscated; scutum and scutellum brownish testaceous, the lateral por- 
tions of the scutal lobes dark brown; postnotal mediotergite darker 
brown, sparsely pruinose. Pleura reddish yellow, the propleura clearer 
yellow; a conspicuous dark brown transverse girdle on the anepisternum 
and sternopleurite. Halteres yellow. Legs with the coxe and trochan- 
ters pale yellow; femora yellow, more obscurely so outwardly, the tips 
narrowly but conspicuously infuscated; tibiz testaceous yellow, the 
tips weakly infuscated; tarsi passing into dark brown at tips. Wings 
with a pale yellow suffusion, the costal region clearer yellow; a sparse 
but well-defined brown pattern, distributed as follows: The stigmal 
spot connected with a broad seam on the anterior cord; posterior cord 
and outer end of cell /s¢ Mz: conspicuously seamed; small but very 
distinct brown spots at origin of Rs and tip of R43; a brown cloud at 
end of vein Cm, crossing cell M4; a brown cloud at one-third the length 
of cell Cu; wing-tip narrowly infumed; veins pale yellow, darker in 
the infuscated areas. Venation: Sc long, Sce ending about opposite 
two-thirds Rs, Sco not far from its tip; Rs weakly angulated at origin; 
Ro+3 sinuous, cell R3; at margin being very wide; inner end of cell /st Me 
lying far before the level of the anterior cord, r-m being beyond mid- 
length of the cell; m-cu close to the fork of M. 

Abdominal tergites yellow; sternites shiny yellow, each with a 
narrow but conspicuous transverse black band just beyond the base; 
eighth sternite largely shiny coal-black, the apex yellow; hypopygium 
yellow. In the female, the tergites are reddish brown with the apices 
of the individual segments darker brown, a curious reversal of the 
pattern of the sternites. 


Habitat: Paraguay. Holotype, <#, Santa Barbara, Novem- 
ber 12, 1924 (F. Schade). Allotype, @, Molinas que, Depart- 
ment of Caraguo, November 15, 1925 (F. Schade). 


Orimarga Osten Sacken. 


Orimarga excessiva sp. n. 


Related to O. pallidibasis Alexander (Peru), differing in the colora- 
tion of the body and wings and the details of venation. 

Female—Length, 7.3 mm.; wing, 6.5 mm. 

Rostrum and palpi brownish black. Antennz with the first scapal 
segment black, the second a little paler; flagellum broken. Head 
dark gray. 

Pronotum black, dusted with gray. Mesonotum dark reddish 
brown, the humeral region of the praescutum a little brighter, the 
lateral margins of the praescutum light gray pruinose; postnotum 
paler. Pleura with the dorsal sclerites dark brown, the ventral sclerites 
and mesosternum reddish brown. Halteres broken. Legs with the 
cox and trochanters obscure yellow, the latter with a black marginal 
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tooth; remainder of legs broken. Wings grayish subhyaline; veins 
brown. Venation: Sc; ending about opposite two-thirds the length 
of Rs, Sco at its tip; Rs moderately long, strongly arcuated at origin; 
r far from the tip of Ri, the distal section of R; being longer than the 
first section of Re,3; and subequal to the distance between Sce and r; 
r-m equal to the deflection of R4,s, much longer than the basal deflec- 
tion of Mi,2; m-cu about one and one-half times its length before the 
fork of M. 

Abdomen with the tergites dark brown, the sternites obscure yel- 
low. Ovipositor with the slender tergal valves acute, strongly up- 
curved; sternal valves much longer and more powerful, compressed, 
their tips obtuse. 


Habitat: Venezuela. Holotype, 9, Tachira, Tachira, April 
4, 1920 (E. B. and J. H. Williamson and W. H. Ditzler). 


Polymera Wiedemann. 


Polymera (Polymera) regina sp. n. 


Size very large (wing over 8 mm.); general coloration coal-black; 
antenne uniformly blackened; posterior tarsi pale; wings with a brown 
tinge, the disk and anal angle with paler washes; cell M, lacking; ab- 
dominal sternites dimidiate yellow and black. 

Male—Length, about 7.5-8 mm.; wing, 8.4-8.5 mm.; antenna, 
about 13.5-14 mm. Female—Length, 8.5-9.5 mm.; wing, 9.2-9.5 
mm.; antenna, 3-3.5 mm. 

Rostrum and palpi brownish black. Antennz (c’) elongate, uni- 
formly blackened; flagellar segments scarcely constricted té weakly 
quadri-nodose, each segment with about four whorls of very long 
trichie, this arrangement more confused on the outermost segments, 
Antenne (2) short and simple. Head black, very sparsely pruinose. 

Mesonotum shiny coal-black, the pleura concolorous but heavily 
pruinose. Halteres relatively short, brown, the base of the stem 
restrictedly brightened, the knobs blackened. Legs with the coxze 
brown, the bases extensively blackened and sparsely pruinose; trochan- 
ters brown, darker apically; femora brown, passing into black; tibiz 
black; tarsi dark brown, segments two to four of the posterior tarsi 
dirty brownish white. Wings with a brown tinge, darker in the costal 
and stigmal regions and along vein Cu; a dusky seam at the fork of Rs; 
paler washes in the radial field and in the bases of the Anal cells; veins 
dark brown. Venation: Rs relatively short and straight; r on Re at 
about three-fifths the length; ultimate section of R,, from one-third 
to one-fifth the length of the penultimate; cell M, lacking. 

Abdominal tergites shiny blue-black, the extreme lateral portions 
paler; sternites conspicuously dimidiate, the segments being obscure 
yellow at base, the apical half abruptly blackened; terminal segments 
and hypopygium uniformly blackened. Ovipositor with the valves 
elongate, gently upcurved; bases of the valves fulvous. 
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Habitat: Paraguay. Holotype, o&, Santa Barbara, October 
10, 1924 (F. Schade). Allotopotype, ¢@. Paratopotypes, 3 
Jd, Ss 2 G. 

Polymera regina is the largest and most distinct species 
of the genus yet discovered. In the lack of cell M, it agrees 
only with P. pleuwralis Alexander (Brazil), a very different fly. 


Polymera (Polymera) subsuperba sp. n. 


Male—Length, 6.2-6.5 mm.; wing, 5.8-6 mm.; antenna, about 
7.5-8.5 mm, 

Generally similar to P. (P.) superba Alexander (Panama to Para- 
guay), differing especially in the darker coloration of the body and 
wings and in the pattern of the legs. 

Head shiny reddish, the sides of the vertex behind more blackened. 
Antenne as in P. superba. 

Mesonotum black, the humeral region of the praescutum reddish 
brown. In some specimens, the entire cephalic portion of the praescu- 
tum is uniformly brightened, as in P. superba. Halteres uniformly 
blackened. Legs with the cox obscure yellow, the bases narrowly 
darkened; femora obscure yellow, darkened at the outer end, this area 
including a narrow, obscure yellow subterminal ring, preceded by a 
similar dark annulus. In some cases, the distal half of the femur is 
darkened rendering the yellow annulus even more distinct; fore femora 
not differently colored from the other femora; all tibize brownish black; 
fore and middle tarsi brownish black, posterior tarsi yellowish brown with 
golden yellow setz. In one paratype, both the middle and posterior tarsi 
are more conspicuously whitened. Wings very heavily suffused with 
dark brown, the white pattern reduced to mere scattered spots and dots 
as follows: In cell 1st Ri, before r and in cell Ry immediately behind it; 
across Rs in the basal portion of cell /s¢t R; and the outer end of cell R; 
spots in the bases of cells R3, Rs, M2 and M4; a larger area in the 
outer end of cell M; vague pale dots in the outer ends of cells Cu and 
1st A. In some cases, the pattern, as above described, is even more 
reduced. 

Abdomen almost uniformly blackened, including the hypopygium. 


Habitat: Paraguay. Holotype, <o, Villarica, February 18, 
1925 (F. Schade). Paratopotypes, o&, January 18, 1925; 
o', January 19, 1925; o&, November 1, 1923; &, December 17, 
1924 (F. Schade). 


Polymera (Polymera) cinereipennis sp. n. 


Male—Length, 6-6.2 mm.; wing, 6.8-7 mm.; antenna, about 8-8.5 
mm, 

Most closely related to the smaller P. (P.) thoracica Alexander 
(Brazil), to which species it runs by means of the author’s key to the 
genus (Proc. U. S. Nat. Mus., 44: 527-528; 1913). The two species 
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belong to a section in which the femoral tips are not abruptly paler, 
the tips of the tibize are conspicuously infuscated to blackened, all 
the tarsi are whitened, the entire thoracic pleura and sternum black- 
ened and the wings uniformly cinereous. 

Antennz elongate, the individual segments distinctly bi-nodose, 
dark brown, with the tips of the segments narrowly paler to produce 
an ill-defined annulated appearance. 

The entire mesonotum is dark, the praescutal interspaces with a 
sparse yellow pollen, the usual stripes slightly darker. Pleura, includ- 
ing the sternopleurite, uniformly brownish black. Legs with the coxe 
dark brown, their apices, especially of the middle and hind coxe a 
trifle paler; trochanters brownish testaceous; femora pale brown, more 
obscure yellowish brown basally, becoming more intense outwardly 
to produce a slightly darker subterminal ring, the tips beyond a trifle 
paler than this ring but not whitened; tibiz pale brown, the tips narrow- 
ly but conspicuously blackened; tarsi of all legs pale, almost white, 
the basitarsi of the fore and middle legs a trifle infumed. Wings with 
a uniform gray tinge; veins darker. Venation: Sc ending about oppo- 
site midlength of the long Re,3, the latter varying from two-thirds 
to subequal to the basal section of R2; ultimate section of R; varying 
from about one-half to one-fourth the penultimate section. 

Abdominal tergites brownish black, the sternites dark brown, 
blackened laterally; hypopygium brownish black. 


Habitat: Paraguay. Holotype, o, Villarica, February 18, 
1925 (F. Schade). Paratopotypes, o«, February 22, 1925; 
o', May 25, 1925; &, June 8, 1924; o&, October 26, 1923 (F. 
Schade). 


Polymera (Polymera) albogeniculata sp. n. 


Female—Length, about 6 mm.; wing, 6.8 mm. 

Most closely related to P. (P.) albitarsis Williston (Lesser Antilles), 
to which species it runs by means of the author’s key to the species 
of the genus, cited above. The pattern of the femora suggests P. (P.) 
geniculata Alexander (Porto Rico), which is, in all other regards, a 
very different fly. 

Rostrum dark brown. Antenne with the basal segment brownish 
black; second segment pale brown; flagellar segments almost uniformly 
dark brown, the extreme base of the proximal segments very vaguely 
paler. Antenne relatively elongate for this sex, if bent backward 
extending about to the third abdominal segment. 

Mesonotal praescutum reddish brown with four darker brown 
stripes; scutal lobes extensively darkened. Pleura almost covered 
by a broad brownish black longitudinal stripe that extends to the 
base of the abdomen; sternopleurite dark, with a microscopic silvery 
pubescence. Halteres brown, the base of the stem paler. Legs with 
the coxz and trochanters pale yellow, the fore coxz with the proximal 
half dark brown; femora brown, becoming darker outwardly, the tips 
narrowly but abruptly whitened; tibize brown, the tips narrowly paler; 
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fore and middle basitarsi a little darkened, the tips passing into yellow- 
ish white; posterior basitarsi and all the remaining tarsal segments 
of all the legs, with the exception of the darkened last segment, yellowish 
white. Wings with a uniformly pale brown tinge; veins darker brown. 
Venation: Ro,3 about two-thirds the length of the basal section of Ro; 
r retreated from the tip of Rj, to a distance exceeding three times its 
length. 
Abdomen dark brown, including the sternites. 


Habitat: Ecuador. Holotype, °, Pallatanga, altitude 4400 
feet, March 26, 1922 (G. H. H. Tate). 


Polymera (Polymera) bruchi sp. n. 

Male—Length, about 6 mm.; wing, 7.5 mm.; antenna, about 8.5 
mm. 

Most closely related to P. (P.) tibialis Alexander (Brazil) in the 
general coloration of the body and wings and in the short Rois, differ- 
ing in the following regards: 

Antenne shorter, the nodes of the individual segments closer to- 
gether; bicolorous appearance of the flagellum even more distinct, 
the segments being very dark brown to brownish black, with the proxi- 
mal end narrowly, the distal end more broadly, light yellow. Head 
brown, the center of the vertex extensively blackened. 

Mesonotum light reddish brown, the praescutum with four darker 
brown stripes, the scutal lobes, center of the scutellum and basal median 
area of the postnotal mediotergite darkened. Pleura yellow, with a 
conspicuous black stripe that extends to the base of the abdomen, 
the ground-color being restricted to the sternopleurite. Legs with the 
fore coxz pale yellow, the basal half dark brown; remainder of the 
cox and trochanters yellow; only a single (posterior) leg remains; 
femora obscure yellow, passing into brown outwardly, the tips narrowly 
and abruptly whitened; tibiz brown, the tips narrowly whitened; 
basitarsi brown, the distal fifth passing into white; second tarsal seg- 
ment white; remainder of tarsi broken. Wings with a strong brownish 
tinge, the cord narrowly seamed with darker brown to produce a darker 
discal area; most of the cells of the wing near the cord show paler cen- 
tral streaks. Venation: Sc relatively short, Sc; ending just before 
the fork of Roi3, Sco close to its tip, exceeding Sc, in length; Rois, 
very short, about as long as m-cu; r faint, placed on R: close to or just 
beyond midlength of the vein; ultimate section of vein R; a little more 
than one-half the penultimate section; anterior arculus lacking. 

Abdominal tergites blackened, the sternites brownish yellow, 
narrowly blackened laterally; tip of abdomen broken. 

Habitat: Argentina. Holotype, &, Palo Blanco, La Plata, 
November 20, 1920 (C. Bruch). 

This interesting Polymera is named in honor of my friend, 
Dr. Carlos Bruch, to whom, and to the late Engineer Vladimir 
Weiser, the great advance in our knowledge of the Tipulide 
of Argentina is due. 





1926] Alexander: Crane Flies from South America 385 


Limnophila Macquart. 
Limnophila schadei sp. n. 


Allied to L. subfuscata Alexander (Argentina); wings with numerous 
small dots and spots in all the cells, those in the radial field especially 
distinct and clearly defined. 

Female—Length, 11-12 mm.; wing, 8.5-9 mm. 

Rostrum and palpi dark brown. Antenne with the elongate 
basal segment of the scape dark brown, faintly pruinose; second seg- 
ment brownish yellow; basal segments of flagellum yellow, the outer 
segments becoming more bicolorous, the base of the individual seg- 
ments being darker than the apex; flagellar segments elongate-oval. 
Head gray, indistinctly variegated with brown; head broadly pro- 
longed behind. 

Pronotum gray, with a median brown line and smaller brown dots. 
Mesonotal praescutum brownish gray with a median brown stripe 
that is indistinctly bisected anteriorly by a capillary dark brown vitta, 
the interspaces conspicuously spotted with brown; lateral stripes 
vaguely indicated, dark gray; lateral margins of praescutum buffy; 
scutum brown, the center of each lobe with a conspicuous dark brown 
mark; median area of scutum and scutellum brown; scutellum and 
postnotum dark gray, the posterior margin of the mediotergite of the 
latter with two large confluent dark brown spots. Pleura light buffy 
brown with a conspicuous dark brown dorsal longitudinal stripe, the 
ventral pleurites spotted with brown. Halteres buffy, the knobs 
dark brown. Legs with the coxe relatively pale, pollinose, spotted 
with darker brown; trochanters brown; femora yellow, the tips con- 
spicuously dark brown; tibiz pale yellow, the base and apex faintly 
darkened; basal three segments of tarsi yellow, the tips narrowly dark- 
ened; terminal tarsal segments brown. Wings with a buffy tinge, 
with four larger brown spots and numerous small spots and dots in 
all the cells; the brown spots at origin of Rs and in cell R before this 
origin have the centers pale; the stigmal blotch extends obliquely 
from the tip of Ri to r-m; the fourth area occupies the tip of R2; the dots 
in the radial cells are clearer-cut than those in the posterior cells where 
they become paler, larger and ill-delimited; posterior cord, m and the 
fork of Mi,2 with somewhat larger spots; a conspicuous pale streak in 
cell R, crossing cell 1st Mz into cell M4; veins brown. Venation: Sq 
ending just beyond the fork of Rs, Sco some distance from its tip, Se 
alone being longer than m-cu; Rs long; Rey3 very short, less than r 
which is one and one-half times its length beyond the origin of Ry and 
about two and one-half times its length from the tip of Rj; cell 1st Mo 
relatively small, m-cu about one-third its length beyond the fork of M; 
cell M, a trifle shorter than its petiole; anterior arculus present. 

Abdomen elongate, reddish brown; tergites with a conspicuous 
continuous dark brown median stripe, the lateral margins with abun- 
dant brown setigerous punctures; sternites similar with a basal lateral 
and posterior median brown spot on each segment, the remaining 
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surface with conspicuous setigerous punctures. Ovipositor with 
elongate valves, the ventral pair blackened, the tergal valves longer, 
horn-colored. 


Habitat: Paraguay. Holotype, ¢?, Villarica, November 1, 
1923 (F. Schade). Paratopotypes, 9, September 24, 1924; 
9, October 19, 1923 (F. Schade). 

Limnophila schadei is named in honor of my friend, Mr. F. 
Schade, who has added greatly to our knowledge of the natural 
history of Paraguay. 


Limnophila angustilineata sp. n. 


Female—Length, about 8.5 mm.; wing, 7.7 mm. 

Most closely related to L. kerteszi Alexander (Brazil), differing in 
the following regards: 

Head light gray, with a brown spot on either side of the vertex 
immediately behind the narrowest point. 

Pronotum and mesonotal praescutum pale brown with a single 
continuous narrow dark brown stripe that ends in a long tenuous point 
just before the suture. Legs with the femora relatively dark brown. 
Wings with the ground-color whitish, the brown pattern about as in 
kerteszi but more restricted; costal region not conspicuously darkened; 
stigmal area restricted, not confluent with the seam on the anterior 
cord; the dark apex of cell R: is restricted to a small oval spot, with 
another, slightly smaller spot below it in cell R3. Venation: Sc shorter 
than Sc; r indistinct, close to the extreme tip of Ri; m-cu beyond mid- 
length of the long cell /s¢ M2; anterior arculus preserved. 

Abdomen dark-colored, the sternites not bicolorous. 


Habitat: Paraguay. Holotype, 9?, Villarica, June 20, 1925 
(F. Schade). 


Pilaria Sintenis. 
Pilaria lathraea sp. n. 


General coloration brown, the praescutum with a dark brown 
median line; pleura striped longitudinally with pale; wings creamy- 
white, with a sparse brown pattern; cell /s¢ Mz very elongate, longer 
than any of the veins beyond it; cell M, lacking. 

Female—Length, about 6 mm.; wing, 6.8 mm. 

Rostrum dark, sparsely pruinose; palpi black. Antenne of moderate 
length, if bent backward extending nearly to the wing-root; basal 
segment elongate, dark-colored, pruinose; flagellar segments pale 
yellowish brown, the outer segments darker; flagellar segments short- 
oval; verticils much exceeding the segments. Head dark, gray pruinose, 
the anterior vertex light silvery. 

Pronotum brown, massive. Mesonotal praescutum brown, paler 
and brighter laterally, with a conspicuous dark brown median line, 
the remaining surface of the sclerite with a sparse silvery pruinosity; 
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tuberculate pits lacking; pseudosutural foveze very reduced; scutal 
lobes dark brown, the posterior lateral callosities obscure yellow; scu- 
tellum yellow testaceous; postnotum pale brown, sparsely pruinose. 
Pleura dark brown, with a conspicuous paler longitudinal area crossing 
the dorsal sternopleurite and meron; dorso-pleural membrane pale. 
Halteres relatively long and slender, pale yellow. Legs with the 
cox pale brownish yellow; trochanters yellow; remainder of legs brown- 
ish yellow, the terminal tarsal segments passing into darker. Wings 
creamy-white, with a sparse brown spotted pattern, distributed as 
follows: At arculus; origin of Rs; Sc; a larger oval stigma; narrow 
seams along the cord and outer end of cell /s¢ M2; marginal spots at 
ends of veins R2 and R3; veins pale, darker in the infuscated areas. 
Venation: Rs relatively short, Sc; ending at about two-thirds the length 
of the long Rs, Sco a little more than its length from the tip; Rs angulated 
at origin, in alignment with Ro,3, the latter nearly one-half longer 
than the basal deflection of Ry,5; r at the fork of Roi3 and a little more 
than its own length from the tip of Ri; Re relatively short, weakly 
sinuous, cell Re at wing-margin very wide; inner ends of cells R3, Rs 
and Ist Mz in oblique alignment, the former more distad; cell 1st Me 
very long and narrow, about one-half longer than the longest vein 
(M42) issuing from it; m short, straight, much shorter than the arcuated 
outer deflection of M3; cell M, lacking; m-cu oblique, at about or less 
than its own length beyond the fork of M; distal section of Cu, about 
one-third to one-half longer than m-cu; anterior arculus preserved. 

Abdominal tergites dark brown, the sternites yellow. Ovipositor 
with the tergal valves long and slender, gently upcurved. 


Habitat: Colombia. Holotype, 9, Cincinnati, San Lorenzo 
Mt., at light, December 13, 1922. 
Type returned to Mr. Curran. 


Rhabdomastix Skuse. 


Rhabdomastix (Rhabdomastix) peruviana sp. n. 


Related to R. (R.) septemtrionis Alexander (Central America); 
wings narrow; veins R; and R: widely separated at wing-margin. 

Male—Length, about 5 mm.; wing, 6.7 mm.; antenna, 15 mm. 

Rostrum and palpi brown. Antenne elongate, pale brownish 
yellow, the incisures a little darker; first scapal segment very large. 
Head brown, the anterior part of the vertex, the orbits and the genae 
yellow; vertex broad. 

Mesonotum brown, sparsely pollinose; antero-lateral margin of 
praescutum narrowly yellowish. Pleura brown. Halteres pale. Legs 
with the coxze brown; trochanters very long, exceeding the cox, yellow; 
femora yellow, the tips darker; tibia and tarsi pale brown. Wings 
subhyaline; stigma pale brown, elongate, lying basad of Rs; veins 
pale brown. Venation: Sc; ending opposite three-fourths the length 
of Rs, Sc, subobsolete; Rz oblique, widely remote from R; at wing-mar- 
gin, the distance about twice R: alone; cell /st M2 roughly oval; veins 
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issuing from cell 1st M2 much longer and less divergent than in septem- 
trionis. Wings much narrower than in septemtrionis. 

Abdomen dark brown, the caudal margins of the individual tergites 
very narrowly pale. 


Habitat: Peru. Holotype, o&, Lima, April, 1840 (von 
Winthem. 
Type in the Collection of the Vienna Museum. 


Gonomyia (Progonomyia) ominosa sp. n. 


General coloration brownish gray, the praescutum with four darker 
brown stripes; thoracic pleura conspicuously variegated with china- 
white; wings with a faint brownish tinge, the stigma darker; male 
hypopygium with the mesal lobe of the basistyle conspicuously pro- 
duced, provided with retrorse setz; both dististyles entirely blackened, 
the inner one near midlength dilated into a collar and here armed 
with a short straight spine. 

Male—Length, about 6.8 mm.; wing, 6.8-7 mm. Female—Length, 
about 7.5 mm.; wing, 7.4-7.5 mm. 

Rostrum and palpi dark brown. Antenne dark brown through- 
out, relatively long, in the male, if bent backward, extending nearly 
to the wing-root; in the female, a very little shorter; flagellar segments 
elongate-fusiform to subcylindrical. Head gray. 

Pronotum obscure yellow, the center of the disk brown, pruinose; 
lateral pretergites narrow, pale yellow. Mesonotal praescutum dark 
brownish gray, with four darker brown stripes, the intermediate pair 
separated by a distance less than the diameter of one; scutal lobes 
darker than the ground-color; scutellum reddish brown; postnotum 
blackened, sparsely pruinose. Pleura blackened, pruinose, variegated 
with china-white, the latter including an obliquely longitudinal stripe 
crossing the sternopleurite onto the pteropleurite and meron; post- 
notal pleurotergite with a large oval pale spot. Halteres yellow, the 
knobs darker brown. Legs with the coxz darkened on basal half or 
more, the apices pale; trochanters yellowish testaceous; femora light 
brown;. tibia and tarsi darker brown. Wings with a faint brownish 
tinge, the small oval stigma darker brown; veins dark brown. Vena- 
tion: Sc; ending just beyond midlength of Rs, Sc; variable in length, 
ranging from shorter to considerably longer than the basal deflection 
of Ry5; 7 on Rey; shortly before its fork; m-cu close to the fork of M. 

Abdomen dark brown, the sternites more pruinose. Male hypopy- 
gium with the outer apical angles of the basistyle a little produced 
but obtuse, here blackened and provided with powerful setz; mesal 
apical angle produced into a long, dark colored, flattened clavate lobe, 
the mesal face of which is provided with numerous retrorse sete. Dis- 
tistyles two, both entirely blackened, the inner dilated into a collar 
at midlength and here provided with a strong straight spine that is 
directed transversely across the axis of the style, the apex beyond the 
dilated portion long and nearly straight. Outer dististyle a long, 
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strongly curved blackened cylindrical rod, the tip suddenly acute. 
Aedeagus long, the narrowed apex subtended on either side by a seti- 
ferous shoulder-like lobe, to give the organ a somewhat trifid appearance. 


Habitat: Paraguay: Holotype, <&, Santa Barbara, Novem- 
ber 12, 1924 (F. Schade). Allotopotype, 9, pinned with the 
. type. Paratypes, <7, Villarica, September 22, 1925; o, Sep- 
tember 22, 1925; &, September 23, 1925; o&, October 19, 1923; 
9, October 18, 1924; 9, March 9, 1925 (F. Shade). 


Gonomyia (Progonomyia) eriopteroides sp. n. 

General coloration reddish brown, variegated with white; wings 
strongly suffused with brownish yellow; male hypopygium with both 
dististyles small and pale. 

Male—Length, about 4.5 mm.; wing, 5 mm. 

Rostrum and palpi brownish black. Antennz with the scapal 
segments light yellow, the flagellum dark brown; basal flagellar seg- 
ments enlarged, the outer ones passing into fusiform, the segments 
with long verticils. Head white, the sides of the vertex behind darker. 

Pronotum and lateral pretergites white. Mesonotal praescutum 
reddish brown, the median area slightly pruinose, the sublateral por- 
tions a little darker, the lateral margins of the sclerite broadly whitened; 
pseudosutural fovee large; scutum dark, the posterior lateral callosities 
yellow; scutellum a little brighter than the scutal lobes. Pleura pale, 
the propleura with a dark brown spot; mesopleura with two longitudinal 
reddish brown stripes, the more dorsal a little darker colored, extending 
to the postnotum, the more ventral one occupying the sternopleurite. 
Halteres dark brown. Legs with the coxe and trochanters yellow; 
remainder of legs yellow, the tips of the basitarsi and remaining tarsal 
segments dark brown. Wings with a strong brownish yellow tinge, 
the costal region clearer yellow; veins yellow. Venation: Sc; ending 
just before the fork of Rs, Scz some distance from its tip, Sc, alone 
longer than m-cu; r on Roi3 at near mid-length and on R; about one 
and one-half times its own length from the tip; cell Mz about twice as 
deep as its petiole; m-cu about its own length beyond the fork of M. 

Abdominal tergites pale brown, the sternites yellow; hypopygium 
yellow. Male hypopygium small; basistyles with the outer apical 
angle conspicuously produced to a conical fleshy point; mesal lobe 
relatively small and inconspicuous, setiferous; mesal face of basistyle 
microscopically roughened. Outer dististyle a long, slender, pale 
blade that gradually narrows to the sub-acute tip; inner dististyle a 
strongly curved cultriform blade, the face of the style with three seti- 
ferous punctures. Aedeagus broad, the tip further produced into a 
slender, gently curved rod. 


Habitat: Paraguay. Holotype, <&, Santa Barbara, October 
10, 1924 (F. Schade). 

G. (P.) eriopteroides bears a strong superficial resemblance 
to certain Nearctic species of Erioptera, as E. vespertina Osten 
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Sacken. The closest relatives are G. (P.) parensis Alexander 
(Brazil) and G. (P.) thiosema Alexander (Argentina). 


Gonomyia (Lipophleps) glabrispina sp. n 


Male—Length, about 3 mm.; wing, 3.5 mm. 

Belongs to the cinerea group ; related to G. (L.) alexanderi ( Johns mn), 
differing chief fly in the details of structure of the male hypopygium. 

Head of the unique type broken. 

Pronotum light yellow, except medially. Mesonotum dark brown, 
the humeral region of the praescutum a little brighter, the lateral 
margins of the sclerite conspicuously pale sulphur-yellow; scutellum 
and postnotal mediotergite more or less blue-gray pruinose. Pleura 
light brown with a conspicuous ie yellow longitudinal stripe that 
widens out behind, this margined both above and below by somewhat 
darker lines; sternopleurite pruinose; pteropleurite and postnotal 
pleurotergite obscure yellow. Halteres pale, the knobs a little dark- 
ened. Legs vari-colored, as in the group; fore femora entirely black; 
posterior femora yellow with a pale brown subterminal ring; tibiz 
yellowish-white, the extreme base infuscated, the apex rather broadly 
blackened; tarsi black. Wings almost as in alexanderi, the stigmal 
spot smaller; wings slightly broader, the cells being a little wider, espe- 
cially the 2nd . {nal cell. 

Male hypopygium with the three dististyles, or branches of a single 
profoundly divided style, much as in G. (L.) strigilis Alexander (Mexico) ; 
outermost style an elongate pale blade, gradually narrowed outwardly, 
the margin with two triangular blackened spinous teeth whose margins 
are entirely smooth; intermediate style a long straight black spine, 
connected basally with the inner style which is a pale fleshy lobe that 
terminates in a slender black spine, directed caudad. 


Habitat: Argentina. Holotype, o&, Riacho Pilaga, 10 miles 
northwest of Formosa, August 20, 1920 (A. Wetmore). Type 
in the collection of the U. S. Biological Survey 


Gonomyia (Lipophleps) zquispinosa sp. n 


Male—Length, about 3.8 mm.; wing, 4 mm. 

Belongs to the cinerea group; most closely related to G. (L.) strigilis 
Alexander (Mexico). 

General coloration almost as in strigilis. Mesonotal praescutum 
more grayish brown, paler in the vicinity of the pseudosutural fovee. 
Wings with the stigma obliterated; costal margin not so conspicuously 
whitened. Male hypopygium with the three dististyles or branches 
as follows: Outer dististyle a long sinuous blade that is entirely un- 
armed, at about three-fourths its length a little expanded, thence nar- 
rowed to the blunt tip, this apical prolongation dusky. Intermediate 
style a short, gently curved black spine. Inner dististyle fleshy, the 

caudal margin produced caudad into a curved blackened spine that is 
subequal in size to the intermediate style, as described. In strigilis, 
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the outer dististyle is armed near base with a small, subappressed 
spine and the intermediate style is approximately twice as long as the 
spine of the inner dististyle. 


Habitat: Paraguay. Holotype, <&, Santa Barbara, Octo- 
ber 10, 1924 (F. Schade). 


Gonomyia (Lipophleps) micracantha sp. n. 


Male—Length, about 4 mm.; wing, 3 mm. 

Belongs to the pleuralis group; most closely related to G. (L.) bifida 
Alexander (Mexico), differing especially in the structure of the male 
hypopygium. 

Antenne with the basal two flagellar segments pale. Mesonotal 
praescutum with three reddish brown stripes that are nearly confluent 
in front, slightly more separated behind to reveal the yellow ground- 
color; lateral margins of praescutum almost white; scutal lobes reddish 
brown, margined internally with darker brown, the broad median 
area of the scutum yellow with a capillary dark brown median line; 
scutellum testaceous, margined posteriorly and with a conspicuous 
median line of brown; postnotal mediotergite pale, the cephalic portion 
and broader caudal region brown. Legs with the femoral subterminal 
brown annulus narrow, broader than the pale apex. Wings with the 
cord and outer end of cell /s¢ Me indistinctly seamed with brown, the 
veins at these points dark brown. Male hypopygium with the lateral 
fleshy lobe of the basistyle long and slender; outer angle of basistyle 
a flattened chitinized blade that extends into a short acute spine. Dis- 
tistyle a flattened blade, the margin produced into a long slender black 
spine, the apex of the style suddenly narrowed into a blunt lobe that 
terminates in two powerful setz; subapical portion of style surround- 
ing this narrowed apical lobe provided with numerous smaller sete. 
Ventral gonapophyses long and slender, about three or four times as 
long as wide, terminating in two weakly divergent spines. 


Habitat: Ecuador. Holotype, o, Pallatanga, altitude 4400 
feet, March 28, 1922 (G. H. H. Tate). 


Gnophomyia Osten Sacken. 


Neognophomyia subgen. n. 


Agreeing in general structure with Gnophomyia, differing especially 
in the venation: Sc relatively long, ending opposite r; R; relatively short, 
veins Sc, R; and R, not widely separated from one another at wing- 
margin; r on Re,3, usually close to midlength; Re very short, subequal 
to Rois, oblique in position; R; very long, sinuous, ending beyond the 
wing-apex; cell R. at wing-margin very wide, more than six times the 
width of cell 2nd R,; distal section of vein Ry; parallelling R3;; vein 
M42 beyond cell /st Mz arched; cell 1st Mz strongly widened outwardly, 
the inner end narrowed; m-cu near midlength of cell /st Mz. Legs 
relatively short and conspicuously hairy. 
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Type of the subgenus:—G. (N.) immaculipennis sp. n. 
(Neotropical Region). 

Other species included in the group are as follows: G. (N.) 
bisecta Alexander (Brazil), G. (N.) hirsuta Alexander (Brazil), 
G. (N.) latifascia Alexander (Peru) and G. (N.) pervicax Alex- 
ander (Peru). 

Neognophomyia includes a small assemblage of Neotropical 
crane-flies that differ conspicuously in their general habitus 
from Gnophomyia and will probably be awarded full generic 
value. The various species bear a resemblance to the Oriental 
group Dasymallomyia Brunetti, a comparison to which has 
been made by the writer in an earlier paper (Insec. Inscit, 
Menst., 1: 118; 1913). Both groups have the legs relatively 
short and very hairy but cell R: in Dasymallomyia is not nearly 
so sprawly, vein R; ending before the wing-apex. 


Gnophomyia (Neognophomyia) immaculipennis sp. n. 


Male—Length, 4.5—5 mm.; wing, 4.5-5.2 mm. 

Generally similar to G. (N.) bisecta Alexander (Brazil), differing 
as follows: 

Head dark chestnut brown. Mesonotal praescutum with the 
entire surface covered with a microscopic appressed pubescence; post- 
notum dark brown, only the anterior lateral angles obscure yellow. 
Pleura yellow, with a broad dark brown dorsal stripe extending from 
the cervical sclerites to the postnotum, passing above the root of the 
halteres; sternopleurite somewhat paler brown, leaving a broad longi- 
tudinal stripe of the ground-color. Halteres pale brown, the base of 
the stem yellow, Wings subhyaline, without evident markings; veins 
brown. Venation: Sc; ending immediately before r; Rs weakly angu- 
lated near origin; Re,3; about equal to or longer than R:; m-cu close to 
midlength of cell 1st Mz. Abdominal tergites dark brown, the sternites 
obscure yellow. Male hypopygium with the two dististyles subequal 
in length, the outer one more slender, glabrous, except at apex; neither 
style strongly chitinized. Region of the tergite produced, the caudal 
margin ending in two conspicuous points that are separated from 
one another by a deep V-shaped notch. 


Habitat: Paraguay. Holotype, &, San Bernardino (Fie- 
brig). Paratopotypes, 2o°'o. Paratypes, o, Villarica, May 
3, 1925; &, July 20, 1924 (F. Schade). 

Type in the Collection of the Vienna Museum. 


Gaophomyia (Neognophomyia) latifascia sp. n. 


Male—Length, about 5.5 mm.; wing, 5.4 mm. 
Generally similar to G. (N.) bisecta Alexander (Brazil), differing 
as follows: 
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Head yellow, the vertex and occiput infuscated medially. 

Mesonotal praescutum reddish brown with four darker brown 
stripes, the broad median stripe being distinctly bisected by a pale 
vitta. Pleura almost white, with a broad dorsal longitudinal blackish 
stripe, extending from the cervical sclerites to above the halteres, 
slightly paler immediately ventrad of the wing-root. Legs with the 
tibial tips not darkened, only the terminal segments of the tarsi passing 
into brownish black. Wings subhyaline, with a very broad dark 
brown band along the cord, by far the broadest and most conspicuous 
of any species of the subgenus so far described, extending from costa 
to the end of the posterior cord, including the outer ends of cells C, 
Sa, 1st R, Rand M; all of cell 2nd R, except the extreme outer end; 
base of cell Re; the broad bases of cells R3 and R; and all but the center 
of cell 1st M2; extreme bases of cells 2nd M2, M3; and M, narrowly dark- 
ened; wing-apex broadly but indistinctly darkened; veins yellowish 
brown, darker in the infuscated areas. Venation: Sc long, Sc; ending 
opposite mid-distance between r and the fork of Ro,3; Rs gently arcuated 
at origin; r on Re,3 before midlength; Re43 and Re: subequal; cell /st Me 
conspicuously widened outwardly, m conspicuously spurred on the prox- 
imal side; m-cu placed very obliquely, at an angle to both M and Cm. 

Abdomen dark brown, the sternites obscure yellow. Male hypopy- 
gium as in the subgenus. Both dististyles relatively elongate, slender; 
the apparent prolongation of the basistyle is here heavily chitinized 
along its lateral margin. What seems to be a tergal structure is rounded 
at apex and here narrowly blackened. 


Habitat: Peru. Holotype, #, Yurimaguas, April 10, 1920 
(H. S. Parish). 


Teucholabis Osten Sacken. 


Teucholabis (Teucholabis) mythica sp. n. 


Head shiny yellow; mesonotum shiny coal-black, restrictedly 
variegated with yellow; pleura black with a narrow transverse yellow 
girdle; wings subhyaline, the small stigma dark brown. 


Male—Length, about 5.5 mm.; wing, 6.5 mm. 

Rostrum shiny obscure yellow; palpi dark brown. Antenne with 
the scapal segments obscure yellow, the flagellum brown; flagellar 
segments oval, the lower apical angle of the individual segments a 
little produced. Head shiny yellow, the sides of the vertex a trifle 
infuscated. 

Pronotum shiny pale yellow, the cephalic portion of the anterior 
notum darker. Lateral pretergites narrowly yellow. Mesonotal prae- 
scutum gibbous, shiny coal-black, the small humeral angle restrictedly 
yellow; immediately before the suture a yellow area that crosses the 
suture and includes the median area of the scutum and all of the median 
lobe of the scutellum; scutal lobes largely shiny black, the color con- 
tinued across the suture and confluent with the praescutal area; lateral 
and posterior angles of the scutal lobes yellow; parascutella black; 
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postnotum entirely black. Pleura shiny black, variegated by the 
yellow of the dorso-pleural membrane and a narrow transverse girdle 
that extends from the wing-root across the pteropleurite to the meron; 
anterior spiracle dark. NHalteres brownish black, the knobs con- 
spicuously light yellow. Legs with the cox and trochanters yellow; 
femora yellow, the tips conspicuously infuscated, very broadly so on 
the fore femora; tibia brown, the tips darker brown; tarsi brown. 
Wings subhyaline; cell Sc darker on basal two-thirds; stigma narrowly 
oval, darker brown; a vague dark seam on the anterior cord; veins 
dark brown. Venation: Sc of moderate length, Sc; ending at about 
opposite one-third the length of Rs, Sco immediately beyond this origin; 
r close to tip of Ri and on Re,3 immediately beyond the cord; vein 
Rey3 gently sinuous, elongate, so cell 2nd R, at wing-margin is nearly 
twice as wide as cell R3; cell /st Mz strongly widened outwardly, vein 
M42 arched as it issues from the cell; m-cu just beyond the fork of M. 

Abdomen dark brown, the distal tergites restrictedly paler laterally; 
basal sternites largely black, the outer sternites yellow; hypopygium 
black. Sternal pocket developed. 


T. (T.) mythica is allied to the smaller T. (T.) hilaris Alex- 
ander (Peru), differing in the body-coloration and wing-pattern. 





STUDIES IN ARTHROPOD HIBERNATION. 


A. M. Hoi_mQuist 
The University of Chicago 


I. ECOLOGICAL SURVEY OF HIBERNATING SPECIES FROM 
FOREST ENVIRONMENTS OF THE CHICAGO REGION. 


The extensive studies of Shelford (1913) on the distribu- 
tion of the animals of the Chicago region were carried on during 
the warmer months of the year. The distribution of the same 
animals under the changed ecological conditions of winter 
has never before been reported. Herewith are presented 
some of the results of a study of the hibernation situation 
among the arthropods of the region.* These are presented asa 
contribution to our knowledge of winter ecology. New life 
history and locality data will also be found in the material 
here presented. 

Field trips were taken every Saturday and on numerous 
other days during the winters of 1916-17, 1923-24, and 1924- 
25 to various localities in the area covered by Shelford’s studies. 
The collections here reported were obtained from forest types 
of environments only. Large scale collecting was not done, 
but instead individual attention was given each specimen, 
and careful notes taken on each. Those specimens that showed 
no life in the field were observed later in the laboratory after 
exposure to room temperature for a longer or shorter period. 
Of these, those specimens which gave no indication of life 
after this warming were considered dead, and are so reported 
in the table. Nearly all specimens were identified by specialists.f 

* This paper was written while a fellow of the National Research Council 
and represents a part of the thesis presented for the doctorate. The author wishes 
hereby to express his great appreciation to Dr. M. M. Wells, who suggested the 
problem and offered many valuable suggestions in the earlier part of the work, 


and to Dr. W. C. Allee, under whose guidance the study was continued and through 
whose kindly suggestions and criticisms this paper was made possible. 

{ The writer grate fully acknowledges the valuable professional assistance 
rendered by the following identifiers in their various special lines: C. R. Shoe- 
maker—Crustacea; R. V. Chamberlin—Myriapoda and Arachnida; Wm. J. Ger- 
hard—mainly Hemiptera, but also some Lepidoptera and Hymenoptera; Bi. H, 
Knight—Hemiptera; D. M. DeLong—Homoptera; S. B. a ee 
larve; A. B. Wolcott, Emil Liljeblad, and Frank J. Psota—Coleoptera; Chas. 
Johnson—Diptera; Wm. M. W heeler—ants; Wm. M. Mann—ants and my oa 
philes; U. S. Bureau of Entomology—miscellaneous insects. 
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Some of the immature specimens were reared in order to facili- 
tate identification, but a large number of these failed to develop 
to the adult stage, thus rendering identification doubtful or 
impossible; only the data on those specimens for which a posi- 
tive identification could be secured and which were found 
during the hibernation period are included in this paper. 

The period of hibernation extends over several months in 
this region. Some species begin hibernation early in the fall. 
Such a species is the ant, Formica ulkei, which has been found 
to begin hibernation as early as September 10, but surface 
activity continued until much later. When this species began 
hibernation, most of the insects were still active. As late as 
November 1, 1924, a large number of insects were active, 
such as damsel bugs (Nabidz), Pyrellia serena (Muscide), 
syrphus flies, arctiid caterpillars, crickets and grasshoppers. 
Vanessa antiopa (Nymphalide) has been seen on the wing 
on this date also; on November 4, 1916, an ichneumon, Ambly- 
teles extrematatis, was still active; various Diptera (Elachiptera 
nigriceps, Mycetophila punctata, Musca domestica, and Scato- 
_phaga furcata) were actively flying about on November 3, 1923; 
on November 17, 1923, Pollenia rudis (Muscidz) was seen on 
the wing; Aphodius inquinatus (Scarabaeidz) was seen out of 
hibernation quarters on November 17, 1923, while Euschistus 
variolarius (Pentatomide) and Podisus maculiventris (Penta- 
tomide) were not yet hibernating on November 25, 1923. 
By the middle of November, 1924, however, most species 
were in hibernation. In the spring of 1924, it was noted that 
hibernation was still very general on March 22, but on March 
27, a large number of insects and other hibernating forms 
were out, such as Vanessa antiopa (Nymphalide), Pyrrharctea 
isabella caterpillars, Apis mellifica (Apide), Elater nigricollis 
(Elateridz), and Gyrinide, and on March 28, 1925, Scaptomyza 
graminum and Eremomyioidea cylindrica (both Diptera) were 
found emerged from hibernation. On April 2, 1925, as soon 
as frost was out of the ground, individuals of the ant, Formica 
ulkei, were seen active on the surface of their mounds, but 
the entire colony was not out of hibernation until May 1. It 
is seen, then, that the hibernation period, while varying with 
the species, and with the season, may be said to begin in this 
region usually about the middle of November, and to end 
toward the latter part of March. 
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The accompanying table gives a summary of the forest 
collections made during the course of these studies. The 
classes, orders, and families are arranged according to the 
usual phylogenetic position. The species within each family 
are arranged alphabetically for convenience in using the table. 
The exact dates of collection are given in those cases where 
the species was found but once or twice; in the latter case, 
the dates are separated by acomma. For those species which 
were found three or more times, the first and last dates of 
collection within the hibernating period are given, and the 
two dates are separated by a dash. It should be made clear 
that these dates do not give the limits of the hibernation period. 
In the third column, the total number of specimens found is 
given in order to give the relative importance of the data on 
each species. Those species which were found over-wintering 
gregariously are indicated by a single asterisk. The double 
asterisk indicates species which are represented by dead speci- 
mens only, but which are known to hibernate in this region. 
The fourth column gives the stage or stages of development 
in which each species was found. The fifth column gives the 
data on the location of the hibernacula as exactly as can be 
given in a limited space. When an animal was found under 
the bark of a log or stump, the state of decay of the log or 
stump is also given; thus, B L3 indicates that the specimen 
was found under the bark of a log or stump in the third stage 
of decay. (The description of these stages of decay is given 
below.) The sixth column gives the type of forest as indicated 
by the dominant trees in the association. The last column 
gives the activity noted in the field throughout the winter. 

A total of 329 species is given in the table. These are dis- 
tributed among the four common classes of arthropods. Crus- 
tacea has a poor representation (4 species) because of the 
well-known fact that few of the species are terrestrial. The 
other classes are largely terrestrial, on the other hand, and 
are well represented. Of the 49 species of arachnids, 43 be- 
long to the order Araneida. The insect group looms large 
in proportion to the rest (255 species) because of the much 
larger number of species in that group; of these, 145 species 
belong to the Coleoptera alone. Several of the orders are not 
represented in the list (Ephemerida, Plecoptera, Trichoptera, 
Odonata) because the members of these orders are aquatic 
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during the greater part of their lives. The Lepidoptera group 
is unduly small on account of the fact that these insects hiber- 
nate for the most part in immature stages which cannot be 
determined to species; this is especially true of Noctuidae, 
Arctiide, and Geometride. 

Many specimens were found dead in their hibernacula. 
In a few cases, it was perfectly obvious that they were dead 
from the fungus growth on the bodies of some, the dried and 
wrinkled condition of others, and the loss of many appendages 
of others. These specimens must have represented individuals 
that had died before the onset of cold weather. Most of the 
dead animals, however, gave no visible evidence of being dead 
by the condition of their bodies. The only criterion here 
used was in noting the complete absence of movement in the 
field and in the laboratory after warming. These individuals 
probably had succumbed during the winter when the low 
temperatures of their hibernacula kept the bodies from decay- 
ing. So it is assumed that the dead specimens really represent 
individuals that had gone into hibernation, and would have 
emerged in spring under more favorable conditions. The 
data on these forms are therefore included in the table. The 
species represented only by dead specimens are indicated with 
a double asterisk. 

Most of the dead individuals were collected in the latter 
part of the winter (February and March.) This fact seems to 
be indicative of winter killing of some.sort. Nearly all were 
found under shelter that seemed sufficient to protect against 
freezing, but this, of course, cannot be positively determined 
from mere observation. Some were found in the same small 
cavity with certain predaceous species; the missing segments 
of the abdomen and loss of other parts gave ample evidence of 
the danger of sharing the same hibernation site with carniv- 
orous forms. Unfavorable moisture conditions, fungus diseases, 
and parasitizing habits of other insects may also be held ac- 
countable for some of the mortality. 

An interesting fact observed in the course of these studies 
was the number of species which are gregarious in winter. 
Of the entire 329 species found, 55 (16.7%) were gregarious. 
The aggregations are formed in some cases by individuals 
which are normally colonial (ants, bees, etc.), and in other 
cases by individuals which are solitary in summer but gregarious 
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in winter (Coccinellid beetles, Pyrellia flies). The character 
and size of the aggregation vary widely in the different species, 
but are characteristic for each species. Some aggregations 
are dense, compact masses of individuals (e. g., ants); other 
aggregations are loose, the individuals close together, but not 
contiguous. The aggregation may consist of individuals in 
but a single stage of development (e. g., coccinellid beetles), 
or two or more stages may be represented in a single aggrega- 
tion (Aradide). Gates (1914), Phillips (1914), Pirsch (1923), 
and others have found that there is a conservation and regula- 
tion of heat in the honey bee cluster in winter, but what benefit, 
if any, is derived in other species by the gregarious habit in 
winter is not known. 

The collections reported in this paper were made from the 
following types of forests: flood plain forests, oak-elm-hickory, 
scrub and black oak, pine, cottonwood, beech-maple, tamarack, 
and red oak. Of these associations, most attention was given 
to the first three. All of these are within the area studied by 
Shelford, and within easy access of Chicago. Nearly all of 
these forests approximate their natural state; the trees are 
thick and of good size, underbrush is present, and in some of the 
types decaying logs lie scattered around in various stages 
of decay, while the forest floor has a thick covering of leaves, 
weeds, and grasses, all of which provide excellent hibernacula 
for over-wintering forms. (See Figs. 4,5 and 6.) The scrub and 
black oak, pine, and cottonwood associations were exceptions 
to the above description in that the trees were small and scatter- 
ed, and the leafy covering correspondingly thin. 

No distinct associations of animals could be established 
in the above types of forests, and the stratification of summer is 
not in evidence. In short, a break-down of boundaries of the 
various associations of summer and a redistribution of species 
takes place in fall in preparation for winter. Weese (1924) 
has pointed out that there is at first an inward migration into 
the forest from surrounding environments and from the forest 
borders and a subsequent downward migration to the over- 
wintering site. This is due to the fact that the factors of food, 
light, breeding materials, etc., that determine distribution 
in summer are replaced by the factor of shelter which is dom- 
inant in limiting distribution in winter. Moisture is also 
operative, but to a lesser extent. While the selection of site 
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for hibernation is quite specific in regard to the type and amount 
of shelter required for the various species, yet, for most of the 
animals dealt with in this paper, this specificity does not seem 
to be of such a degree as to require a particular species of tree 
or plant.* And the required shelter is widely distributed 
on the forest floor. Hence, it follows that the species become 
much more cosmopolitan in their distribution in winter than 
in summer. 

The distribution of hibernating species is more striking 
when examined from the standpoint of the particular niche 
or site chosen for over-wintering within the larger ecological 
types just described. The search for hibernating forms was 
made under bark and in the wood of logs and stumps in various 
stages of decay, under logs, among leaves, under very loose, 
dry bark of standing dead trees, and in the soil of the forest 
floor. Other equally good places for hibernation might have 
been investigated, such as stems of weeds and shrubs, in tufts 
of grass, under moss, in fungus growths, etc., but time did not 
permit such exhaustive search of the forests studied. A descrip- 
tion of these various niches and the distribution of animals 
in them follows. 

Logs and stumps have been classifiedt according to their 
state of decay as follows: 

Stage 1:—This is the earliest stage of decay and is seen in 
recently felled trees. The bark is tight and the wood solid. 
Very few animals are found in the log at this stage. Such 
logs were not investigated. 

Stage 2:—This is the next stage in the decay of the log. 
The bark is beginning to loosen, but the wood is still solid. 
The wood is moist under the bark usually and frequently icy 
in winter. The formation of ice underneath the bark causes 
the bark to loosen still more. The animal population has 
increased. The inhabitants are inclined to be flattened dorso- 
ventrally and are well adapted to move about under the narrow 
space between bark and wood. The characteristic species of 
such a log in winter are the flat Pyrochroide larve, the tiny, 
flat cucujid beetles and their likewise flat larvz, and the flat- 


*Such a degree of specificity is not unusual among insects, but it is the belief 
of the writer that most of the hibernating forms do not show it in their choice of 
hibernation site. 


+ Shelford: ‘‘Animal Communities in Temperate America,”’ 1913, pp. 245-247. 
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bugs (Aradidez). If the bark is slightly more loose, centipedes 
may also be found here. The flattened form of these animals 
permits them to occupy such a niche. It will be noted that 
the species found in such logs in winter are the regular inhabi- 
tants of the logs. The shelter which these logs afford is not 
accessible to other larger species because of the limited space 
beneath the bark. 

Stage 3:—In this stage, the bark is very loose, and the wood 
has become soft, and pulpy. The situation is moderately 
moist, the wood is seldom frozen, though it may be slightly 
frosted. In the early stages, the wood is much burrowed out 
by insects. It is possible for a larger number of arthropods 
to obtain shelter by boring into the soft wood of such a log. 
(See Fig. 1 and 2.) The decaying condition of the wood ren- 
ders it available for food. Conditions, too, are favorable 
for the growth of fungus which serves as food for many insects. 
And the cavities attract larger, non-boring species that could 
not gain access to logs in the second stage of decay. As a 
consequence, the population is increased over that of the 
last-described stage. In winter, the usual inhabitants are 
present, such as centipedes (Linotaenia, Sonibius, Bothropolys, 
Lithobius), wood roaches (Parcoblatta), staphylinid beetles 
(Hesperobium, Trachysectus), pyrochroid larve (Dendroides, 
Neopyrochroa), lampyrid larve (Lucidota), elaterid beetles 
(Alaus, Elater, Athous, etc.), tenebrionid larve (Scotobates), 
various ants (Camponotus, Lasius, Crematogaster), and sphecid 
pupe (Crabro). In addition to the above-mentioned, regular 
inhabitants, a number of other arthropods characteristically 
take up their abode in this type of log in winter, such as arctiid 
caterpillars (Isia isabella), muscid flies (Pyrellia serena), and 
ichneumon flies (Amblyteles). 

Stage 4:—In this stage, the bark is gone, the wood under- 
neath is in the last stage of decay, is brown and earthy in con- 
sistency. It is much burrowed out and full of cavities that 
furnish excellent places for animals to crawl into in autumn. 
In winter, the wood of such a log is usually frozen solid like 
the soil around it, and the cavities are usually frost lined. 
(Such a log is shown in Fig. 4.) This type of log contains a 
large number of hibernating arthropods. The usual inhabitants 
of the log are present in winter, such as, tipulid larve, carabid 
beetles (Platynus, Pterostichus), millipedes (Parajulus), centi- 
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pedes (Lithobius), staphylinid beetles (Hesperobium), lucanid 
beetles (Ceruchus), lampyrid larve (Celetes). In addition, 
other species, as the muscid fly (Pyrellia serena), ichneumon 
flies (Amblyteles), spiders (Herpyllus vasifer) move into the 
available cavities for the winter. 

Standing, dead trees offer a characteristic place in which 
certain forms hibernate. (See Fig. 5 and 6.) The bark is 
often quite loose and comes off in large pieces. There are large 
air spaces under the bark. The bark and wood are usually 
dry except in such places where considerable frass has ac- 
cumulated at the bottom of the air spaces. The wood is pulpy 
at the surface, but quite solid within. A slight modification 
of this type of tree is the large, standing, dead cottonwood 
so common in the dunes at the south end of Lake Michigan. 
(See Fig. 3.) Those investigated had no bark, but the tree 
trunks had a solid shell of wood on the outside. Within this 
shell, the wood was very pulpy, cracked and dry. This seemed 
to be an excellent place for certain species. Although the 
animals in these situations are sheltered under bark or wood, 
they do not, of course, have the added covering of snow, which 
makes for greater stability of temperature, and are presumably 
more exposed to temperature fluctuations than in the other 
situations described. The characteristic animals found in 
such dry, exposed situations are the coccinellid beetle (Adalia 
bipunctata), certain small moths (A gonopteryx), spiders (Her- 
pyllus, Philodromus), and tenebrionid beetles (Nyctobates penn- 
sylvanica, Tenebrio tenebrioides). 

Some species were found under the logs. Here the log 
above protects the soil below it from freezing. The log is 
usually partly buried in earth and leaf mold. The situation 
is usually quite moist. No doubt, there is considerable con- 
stancy of temperature and of moisture in such situations, 
though no definite data were obtained on these points. The 
most characteristic species found here were the polydesmid 
millipedes (Polydesmus), ground beetles (Platynus, Pterosti- 
chus), land isopods (Tracheontscus, Ligidium), centipedes, and 
wasps (Odynerus, Vespa). 

Leaves provide an excellent place in which to pass the 
winter. Especially was this true the past winter (1924-25). 
A sleet storm occurred in late fall. This sleet froze and was 
covered by a coating of snow which lay on the ground all win- 
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ter. The leaves which were not frozen into the coating of 
sleet remained unfrozen all winter, from which fact it may 
be inferred that the temperatures in the lower layers of leaves 
never went below freezing. Both snow and ice are good insu- 
lators and provide excellent protection against change of 
temperature. A large number of arthropods avail themselves 
of leaves for winter quarters. Probably the most character- 
istic species found hibernating in leaves are the leaf-hoppers 
(Erythroneura), Collembola (Tomocerus flavescens), a number 
of spiders (Pisaurina mira, Araneus, Xysticus, Trombidium), 
the tarnished plant bug (Lygus pratensis), stink bugs (Euschis- 
tus variolarius), and polydesmid myriapods (Scytonotus granula- 
tus). Most of these inhabit the vegetation in summer, some 
being plant feeders, and others feeding on the plant feeders,, 
in turn. 

The soil of the forest floor harbors a number of arthropods. 
The moisture factor is variable in the different forest types, 
depending upon the proximity to bodies of water and upon 
the character of the soil. In fall and spring, the moisture 
factor is quite variable, but after the surface soil has become 
frozen for the winter, the moisture factor remains very con- 
stant throughout the winter. The covering of snow and the 
frost in the ground keep the temperature factor likewise very 
constant. The soil freezes in this region to a depth of 8-15 
inches, depending upon the amount of leaves or grass covering 
it. Hibernating forms may be found in this upper frozen 
zone or in the unfrozen soil deeper down. The animals found 
here are typically ground dwellers with other occasional forms 
drawn in accidentally by the availability of some particular 
cavity or opening in the soil. Characteristic of this type 
of hibernaculum are the Lachnosterna grubs and adults, other 
scarabaeids (Anomala lucicola), Cicada nymphs in various 
stages of development, numerous soil-dwelling ants (Formica 
ulkei, F. fusca, F. neogagates, F. sanguinea), and pupe of arctiid 
moths (Halisidota tessilaris). These are the usual residents 
of the soil. Specimens of hydrophilid beetles have been found 
which leave the pond in autumn and occupy a small cell in 
the soil at the edge of the pond for the winter. When cavities 
are present in the soil, as in the case of ant nésts, a number of 
species may take up winter-quarters in these cavities. Ground 
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beetles, roaches, centipedes and millipedes, spiders, and even 
ichneumon flies have been found in such situations. 

It is seen, then, that a greater or lesser degree of specificity 
of site selection takes place. Some species may occupy two 
or more niches in the association. In such cases, the site 
selected is largely a matter of availability and ease of entrance 
into it. In other species, a very specific selection of site takes 
place that is not explained by mere availability. Pyrellia 
serena, the muscid fly, for example, has never been found 
among leaves, nor under thin, very loose bark, nor in dry 
situations, but always in the cavities of logs in the third and 
fourth stages of decay. It was always possible to foretell in 
the field whether a log would contain Pyrellia by its state of 
decay and by the number of cavities in its interior. In this 
case, there is some definite attraction to this particular type of 
log, for there are plenty of protected cavities at the disposal 
of this species besides those of very decayed logs. No analysis 
of this phase of the problem was attempted. 

No studies were organized to determine quantitative dif- 
ferences in the populations in the various habitats. Such a 
study is very desirable and is a matter planned for the future. 

Generalizing on the stages of development noted in the 
field, it is seen that by far the largest number of species hiber- 
nate as adults, with the larval stage ranking second. The 
egg stage appears to be relatively unimportant when judged 
by the data here presented. This is hardly the truth of the 
situation, however, for it is well known that many insects 
pass the winter in the egg stage. It is not strange that so 
few identifiable species were found in this stage when one 
considers the facts that most eggs are very small and there- 
fore hard to detect, and also that oviposition takes place in 
very obscure, well-hidden places. A large number of speci- 
mens in immature stages were found, but many of these could 
not be identified, so that the number of species found in these 
stages, therefore, appears less than was actually the case. 
In spite of these limitations to the original statement, it seems 
quite safe to say that the largest number of species hibernate 
as adults. 

The amount of activity shown by the various species has 
been observed throughout the winter. This information has 
been incorporated in the table in summarized form. Where 
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sufficient data were at hand, the most commonly observed 
degree of activity has been indicated by italics in the 
table. A few arthropods show practically normal activity 
all winter (e. g., Collembola, Cicadellide). A few species 
sink into a deep lethargy and do not readily come out of hiber- 
nation when disturbed or warmed (e. g., Vespa maculata, 
and some of the ants). Most of the species, however, show 
an intermediate degree of activity and are able to crawl 
slowly to cover when exposed; these readily come out of their 
dormant condition when warmed (e. g., Parcoblatta, most 
arachnids and myriapods, Lygus pratensis, Nabis ferus, Pyrellia 
serena, etc.) In view of the incomplete dormancy and the 
quick response to warming shown by some of the forms, it 
would seem probable that such species would be able to move 
about in their hibernacula and perhaps even to feed during 
the warmer days of winter. However, no data are yet avail- 
able on this point. Although the above observations were 
made at wide ranges of air temperatures, no correlation could 
be established between the air temperatures and activity of 
the various species in the field because of the fact that the 
temperatures within many of the types of hibernacula fluctuate 
much less widely than that of the air and assume the tempera- 
ture of the air only after a considerable period of exposure 
to this temperature. Some preliminary studies to determine 
the actual temperatures occurring in the hibernacula have 
been made and will be reported in a later paper. 

The following is a summary of the points brought out in 
this paper: 

(1) The collecting data and observations on hibernating 
arthropods taken from various types of forest environments 
of the Chicago region are herewith presented. These data 
were obtained on regular field trips during the course of three 
winters of study. 

(2) The hibernation period in this region extends from 
the middle of November to the latter part of March for most 
of the species, but species differences occur as to the duration 
of hibernation. 

(3) A total of 329 hibernating species are here reported. 
These species are distributed among all of the classes of arthro- 
pods, (excepting the Onycophora.) The largest number of 
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species was found among the insects, and the smallest num- 
ber among the crustaceans. Of the insects, the group contain- 
ing the largest number of hibernating forms was the Coleoptera. 

(4) All stages of development have been found, but most 
species hibernate in only a single stage. The most commonly 
occurring stage is the adult. 

(5) 16.7% of the species were found gregarious in winter. 
The form and size of the aggregations vary with the species. 

(6) The distribution of the species in the various forest 
associations seems to show a great deal of over-lapping, and a 
breaking down of boundaries between the various summer 
associations due to the fewer number of limiting factors and 
to their more cosmopolitan distribution in the various ecologi- 
cal associations. 

(7) Many species show a distinct preference for certain 
types of hibernacula, so that the various ecological niches 
seem to shelter a distinct group of typical hibernating animals. 
Others hibernate in whatever place affords the required amount 
of shelter. 

(8) The distribution of arthropods in winter seems to be 
determined chiefly by kind and amount of shelter and by 
moisture. 

(9) Most species are not completely dormant in winter, 
but possess enough activity to be able to crawl to cover when 
exposed. A few maintain almost normal activity, while a 
few others are deeply lethargic. Species differences in degree 
of dormancy during hibernation are quite marked. 
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EXPLANATION OF PLATE XXXII. 

Fig. 1. A log in the (early) third stage of decay. The wood was beginning to 
get pulpy, and contains many insect burrows. The bark was still in- 
tact and frozen to the wood, and was chopped away so as to show the 
character of the wood. This is a typical Pyrellia and A mblyteles log. 

Fig. 2. A stump in the third stage of decay. The whole stump was soft, fibrous, 
white pulp. A thermometer was pushed into the wood, and is shown 
in the upper right side of the stump. The bark was still on the stump, 
and can be seen in the figure. 

Fig. 3. A high cottonwood stump in the third or fourth stage of decay at the 
edge of adune. The bark had long since disappeared. A shell of solid, 
hard wood covered an interior of dry, cracked, brown pulp. 


EXPLANATION OF PLATE XXXIII 

Fig. 4. Old log in last (4th) stage of decay. The wood was dark brown, soft, 
and earthy in consistency. The bark was lacking. A thermometer 
may be seen inserted into the soft wood on the upper side. 

Fig. 5. Showing conditions in the most frequently visited flood > oe of 
the area. Note the underbrush, decaying logs on the ground, and in 
the foreground to the right the standing dead —~ 

Fig. 6. A standing dead tree seen at close range. The bark was very oe and 
absent in large areas. The wood was pulpy on the outside, but solid 
within. Note the many insect burrows in this outer pulpy wood. 
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THE BREAKING-UP OF HIBERNATION IN THE 
CODLING MOTH LARVA.* 


M. T. TOWNSEND 


INTRODUCTION. 


Hibernation has been frequently studied with a view to 
determining what factor or factors were responsible for pro- 
ducing the dormant condition. In the present paper the 
problem has been attacked with a view to determining what 
brings about the break-up of the dormancy in spring. The 
experimental data thus gained indicate that hibernation in 
the codling moth is more than a condition of passive resistance 
to cold weather and other unfavorable conditions. During the 
cold winter months changes are going on in the tissues of the 
animal which are necessary for the further functioning of the 
organism and hibernation is a necessary stage in the life history 
of the insect. 

The experimental data given below, when correlated with 
the work of others, justify the theory that the most important 
factor in the breaking up of hibernation in cold-blooded animals 
is the reabsorption of water by the tissues. This reabsorption 
speeds up the enzyme activity of the tissues and the animal 
becomes active again. A return of warm weather in the spring 
is of course also important, but this factor is always experienced 
by a hibernating animal as the season advances. Whether 
the animal can absorb the requisite amount of water depends 
upon the local situation in which it hibernated, and without 
this addition of water, the enzymatic processes necessary for 
renewed activity cannot take place. 

The writer is indebted to Dr. V. E. Shelford under whose 
direction the work was done and to other members of the 
Zoology Department at the University of Illinois for help and 
encouragement during its progress. 


* Contribution from the Zoological Laboratory of the University of Illinois 
No. 289. Submitted in the partial fulfillment of the requirements for the Degree 
of Doctor of Philosophy in Zoology in the Graduate School of the University of 
Illinois. 
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MATERIALS AND METHODS. 


Codling moth larve of the second generation were collected 
in the vicinity of Urbana, Illinois, during the summer of 1923. 
Six-inch tar paper bands were tacked around the tree trunks 
for collecting the larvz, and these were examined from time 
to time during the fall. The larve were removed from their 
cocoons with forceps and dropped into small cardboard boxes, 
which had been previously prepared by placing in the bottom 
of each a layer of small glass tubes. The tubes were approxi- 
mately 14 inch in diameter and one inch long, and were stood 
on end and packed tightly into the bottom of the box. The 
larve showed a strong tendency to crawl into the tubes and 
spin cocoons there, and these tubes of cocoons were later re- 
moved from the boxes for use in the experiments. 

A field note-book was kept during the season, containing 
data as to when bands were placed on the trees, when larve 
were collected, number of rainy days, cold nights, etc. 

Experiments were performed in the vivarium building, of 
the University of Illinois, using three temperature chambers, 
one running at 0°C., one at 10°C., and one at 30°C. Recording 
thermographs were operated constantly in each chamber and 
the records showed no variations which might have affected 
the work. It was found that storage at 0°C. caused the lowest 
mortality among the larve, altho as shown later in the paper, 
exposure to 10°C. for a time was most conducive to pupation 
and later progress. 

Records of pupations, emergences, etc., were kept for in- 
dividual larvz by labeling the tubes either with a glass pencil 
or a small sticker. 

DISCUSSION. 

It has been shown by numerous workers that the beginning 
of hibernation in cold-blooded animals is often marked by a 
reduction of the water content of the organism, and it is equally 
true that the breaking-up of hibernation in these forms is 
usually marked by a taking in of water. This difference in 
water content is perhaps the most universally recognized 
difference between the hibernating and non-hibernating animals 
among the insects and related groups, and may well serve as 
the starting point for a theory of hibernation. 
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Tower (1906) described. the preparation for hibernation 
in the potato beetle and showed that the animal eliminated 
27% of its weight as watery material during a period of three 
to ten days and then burrowed in the ground and hibernated. 
In the spring this water was regained and the protoplasm 
became more liquid again. Breitenbecker (1918) showed 
that dessication of potato beetles caused them to pass into a 
state of “induced” hibernation. According to Bodine, (1923) 
in grasshoppers which hibernate, such a condition was marked 
by a lowering of the water content to a minimum, and the 
breaking up of hibernation was marked by a return to the nor- 
mal condition in this respect. 

Several workers have shown that the addition of water 
tends to break up dormancy. Thus Breitenbecker found that 
the addition of water to the soil would cause hibernating potato 
beetles to emerge, if the temperature was above 14°C. If the 
soil was never wet the beetles died instead of emerging. Along 
this same line Weese has shown that young spiders emerge 
from the winter cocoons only under conditions of high humidity 
of the surrounding air. 

In investigating the winter brood of the codling moth 
larve in the vicinity of Urbana, Illinois, I found that soaking 
the larve at intervals (2 hours per week), caused them to 
pupate more readily than if they were not soaked, Pupation 
in this case marks the end of the dormant period and the re- 
turn to functional activity. The main points of this phase 
of the work are shown in Table 1 from which the following 
conclusions may be drawn: 


1. Soakings increase the per cent of pupation, whether the 
water is applied at low temperature (10°C.) or at higher tempera- 
ture (30° C.) or both. 

2. Soakings at 10°C. shortens the length of time to pupation. 


3. Soakings at 30°C. shortens the length of time from pupa- 
tion to emergence. 


From these conclusions it seems evident that some process 
goes on at 10°C., is affected by soakings and is intimately 
concerned with pupation. Also some similar process goes 
on at 30°C., is affected by soakings and is intimately concerned 
with emergence or in other words with the later stages of meta- 
morphosis. Such soakings would be normally experienced 
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by the animals during the spring rains, and probably are effec- 
tive by reason of their action upon the enzymes of the body 
tissues and fluids. 

That water-content has a marked effect upon pupation 
processes is further shown by Table 2 where the data on all 
larve experimented upon have been tabulated with regard 
to this one factor, disregarding other points in the histories 
of the various groups. Reference to column 3 shows that the 
greatest percent of pupation occurs among animals soaked 
frequently at the rate of two hours per week. 


TABLE I. 


Showing effects of soaking hibernating codlin moth larve at different tempera- 
tures. Storage temperature 10°C. Pupation temperature, 30°C. 

















1 2 3 4 5 6 7 8 9 
Num- 
2-hr. Num- Days ber Days | Number} Days | Number 
soak- ber % to pupae to emer- to of dead 
ings 2-hr. | Pupa- | pupa- on emer- gences | death of| larvae 
during | soak- ted tion at | which gence jon which} larvae |on which 
storage | ings at 30°C. | column] at 30°C. | column6 | at 30°C. |column8 
30°C. 4 is is based is based 
based 
5 5 36.0 23.0 8 8.0 2 30.6 14 
0 5 33.0 26.0 16 7.0 9 14.8 10 
5 0 32.7 23.2 17 10.8 14 25.8 12 
0 0 6.6 29.0 1 9.0 1 21.5 14 

















The effect of water-content upon enzymatic action is well 
known. According to Fischer, (1907), “In a concentrated 
solution the point at which the reaction (of digestive enzymes) 
comes to a standstill is reached sooner than in a more dilute 
one. In fact most fermentation mixtures which have come 
to a standstill will go further only if water is added.”’ 

Bayliss in his monograph on enzyme action emphasizes 
the importance of water in .such processes. According to this 
author, “The greater number of enzymes have a hydrolytic 
action, and their activities are as a rule manifested in the 
presence of water.’’ Again ‘“‘an enzyme action comes to an 
end or equilibrium point owing to the accumulation of the 
products of the reaction, so that by dilution or removal of the 
products the reaction may be caused to go on further.”’ 
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The breaking-up of dormancy in the codling moth larva 
is marked by the metamorphosis of the insect. Such meta- 
morphosis consists morphologically of two processes, namely 
a process of autolysis of larval tissues, followed by a process 
of growth and development of adult organs. From a chemical 
standpoint, then, pupation of the codling moth larva in the 
spring is initiated by a process of autolysis. This autolysis 
is probably due to the action of enzymes, an hypothesis to be 
tested more carefully by later work. A consideration of some 
data available at this time lends indirect support to this view. 


TABLE II. 


Summary of results of all codling moth experiments grouped together to show 
effects of moisture alone, pupation experiments at 30°C. 














1 2 3 t 5 6 7 8 9 
Days | Num- | Days | Num- | Days | Num- 
Storage No. % to ber to ber to ber of 
Conditions | larvae | pupa- | pupa- | pupae | emer- | emer- | death, | larvae 
ted tion col. 4 | gence | gences | larvae on 
col. 6 col. 8 
Never soaked 76 24.6 19.9 15 10.6 8 30 45 





Soaked once 
for 15 hrs..| 1148 8.5 22.4 48 11.3 31 32.9 274 




















Soaked sev- 
eral times 
at rate of 2 
hr.per week 350 50.8 20.7 123 9.5 90 26.2 171 

















Recent writers have emphasized chiefly the action of enzymes 
or of acids in bringing about the breaking down of such tissues. 
Thus Weinland (1909) found that the formation and destruc- 
tion of fat in the larva of Calliphora was a process governed 
by an equilibrium condition under the action of enzymes. 
Simon (1904), Cole (1919) and others mention enzymes as being 
responsible for autolytic processes in tissues. On the other 
hand Bishop (1923), has shown that the accumulation of acid 
in the body of the honeybee larva was probably the primary 
cause of autolytic processes there, and that enzymes were not 
important until later. 

Whether autolysis in an insect larva is brought about by 
acids or by an enzyme, the addition of water would be expected 
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to speed up the action and increase it. Thus Bishop in his 
discussion of the metamorphosis of the honey-bee larva, where 
autolysis is due largely to acid, says “‘when the tissues are 
diluted with pure water, the buffering action of the mixture 
is lowered, and a slight excess of acid in one tissue or another 
would accelerate its rate of autolysis.” 

We have already noted that dilution has a marked effect 
upon enzyme action. It is well to remember in this connection 
that the codling moth larva and the bee larva pupate under 
quite different conditions of temperature, etc. 


TABLE III. 


Showing rate of pupation in samples of codling moth larve from the same collection, 
placed under pupation conditions on successive dates during the winter. The 
first column shows storage temperature and days in storage. At the close of 
storage the larve were placed in 30°C. for pupation. The number of larve 
used was 10 except in one case where 18 were used. The stock of the second 
item marked with an asterisk, 29.38% pupated at 22°C., indicating that the 
higher temperature (30°C.) is not essential. However, all this group had 
undergone preparation for pupation at the lower temperatures experienced 
in the field before collection. 





23 Gn. % pupation Da. to pupation | Da. pupal Life 
| | 
BLD. isene seve seweel 30 | 22 | 12 
Ns vi rdetde snes 20 , Ae | 
Be oc icésshoewe ans 0 say Tiree ee 
10°; D.....ceccesecovesl 50 | 23 11 
10°; 58.2... eee eee eee es! 30 | 21 9 
ess Ska ON os 27.7 | 14 | ana 
WG asks savages ccna 40.0 21 9 
Rec skvie debe a 20.0 19 11 
| 14 | ceeens 


DOP vévexs sinus exes | 25.0 





That the autolytic process in the hibernating codling moth 
larva is probably due to an enzyme rather than to accumulation 
of acid seems probable from some of my experimental data, 
altho as yet no real chemical tests have been made. Experi- 
ments show that larve kept at low temperatures for consider- 
able periods do not pupate but do undergo some sort of prepara- 
tion for pupation, so that when placed at 30°C. later, they 
pupate more rapidly as a result of their treatment at low tem- 
perature. Thus, as shown in Table 3, larve collected and stored 
at 10°C. or 0°C. showed increased speed of pupation when 
placed at 30°C, later in the season. Speed of pupation is 
indicated in column 3 of Table 3. Such exposure to low tem- 
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peratures appears to be the usual pre-requisite to the breaking 
up of hibernation in the codling moth larva, and evidently 
allows some sort of preparation process to go on. 

It will be noted from Table 3, column 2, that larve stored 
at 22°C over a period of time lost their power to pupate. This 
suggests that the necessary preparation cannot go on at this 
temperature. Some data on this point are available. Forty 
larve collected August 11 were never exposed to temperatures 
below 13°C. either in the orchard or the laboratory. Later 
they were placed at 30°C. but showed no pupation. 

195 larve which had never been exposed to temperatures 
below 22°C. in the laboratory showed only 314% pupation 


4 


























TABLE IV. 
Showing effects of exposure of codling moth larve to low temperatures for varying 

periods of time. Pupation temperature, 30°C. 
tx : | _ : at Low Percent of 
Number Larvae Low Temperature Temperature Pupation 

106 | 0°c. | 7-14 days 6.6 

74 | 0°c. | 30 days 28.0 

220 10°C, 7-14 days 25.4 

72 10°C. | 30 days 8.3 


when placed at 30°C., and this slight percent may be explain- 
able by a slight exposure to low temperature in the orchard 
before collection as shown by field records. 

Evidently then in the hibernating larve, some process 
which is a prerequisite to pupation goes on only at low tem- 
peratures. Table 4 gives some data regarding the effect of 
low temperatures on this process. It shows that the process 
goes on rather slowly at 0°C. and considerably faster at 10°C. 
indicating a maximum activity for the process at about 10°C. 
Furthermore exposure to 10°C. if continued long enough may 
prove detrimental. Exposure for as long as 30 days may 
undo some of the work accomplished during the first two 
weeks. 

The fact that preparation for pupation does go on slowly 
at as low a temperature as 0°C. is of considerable interest, 
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and indicates that the metabolic activity of the animal is not 
readily brought to a standstill by winter conditions. The 
effects of exposure to different temperatures is further shown 
in Table 5, where the data regarding all larve used in the ex- 
periments have been tabulated with regard to this one factor. 
As shown in Column 2 of this table, percent of pupation was 
highest in larve stored at 10°C., lowest among those at 22°C. 
It seems likely that if the process of autolysis of larval 
tissues was due to acidity it would be speeded up by higher 
temperatures, whereas the data given above indicate that in 
the winter brood of codling moth larve the process does not 


TABLE V. 


Summary of results of all codling moth experiments grouped together with regard 
to storage temperature alone. Pupation and larval death temperatures, 30°C. 














1 2 3 4 5 6 7 8 9 10 
ae Days | Aver- 
oOo a) T > a i ¢ 
Stor- v to No. I upal No. to De ad Total fo Ot 
ace | PUPA | ning. | Pupae Life, wot & death | larvae ounn | eee 
— tion ae col. 3 | Days _ of ws tality, 
’ larvae storage 
22°C. 8.1 21.9 40 8.4 28 35.6 358 1141 56 
10°C. | 52.6 21.1 146 9.5 108 26.9 233 452 38 
0°C. | 31.2 17.8 10 9.6 6 28.1 16 32 0 























go on at all at temperatures above 22°C. An enzyme on the 
other hand might well have a maximum activity at a tempera- 
ture as low as 10°C. especially in a cold-blooded aimal like 
an insect. Accordingly we may suppose that in the hiber- 
nating codling moth larva autolysis of larval tissues is brought 
about by an enzyme which works best at temperatures around 
10°C. Such a hypothesis can be tested by later work. On 
this basis the exposure of the animal to low temperatures 
during the hibernating period is not a case of mere resistance 
to unfavorable conditions but in part at least is a period neces- 
sary for certain vital functions to go on. 

If the above hypothesis is correct, i. e., that changes in larval 
tissues are the result of an enzymatic process, affected by 
soakings and having a temperature maximum of about 10°C., 
we should expect that a combination of these two factors 
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in the environment would give the maximum effects. Table 6 
shows the available data on this point. The table is incomplete 
as regards some groups, but the following conclusions may 
safely be drawn from it. 


1.—Percent of pupation at 30°C. is— 
Greatest after exposure to 10°C., soaked frequently 


Next(lower) “ ee oo “ once. 
Next(lower) “ oe Oa Gas ™ . 
Least . e *:2G. Ge- 


2.—Number of days to pupation at 30°C. is— 
Shortest after exposure to 10°C., soaked frequently. 
Next . ke at “ once. 
Longest _ . Se. ” 2 
3.—Number of days from pupation to emergence at 30°C. is— 
Shortest after exposure to 22°C., soaked once. 


Next “ “ “ 10°C., “ “ 
Longest . = © ire, “ frequently. 
TABLE VI. 


Showing effects of storage temperature and moisture upon hibernating Codling 
moth larve. All pupation experiments at 30°C. 














1 2 3 4 5 6 7 8 9 10 
i No. : 

Storage Conditions No No. % > S| No. —_ emer- Fea No. 
(Temperature and larvae| PUPA |Pupa- | 4. | Pupae| wmer-| 8 | death larvae 
moisture) arvael'ted | ted |PUl col. 5 : s col. 9 

tion gence larvae 
col. 7 
WG. ERG... cist 12 | 34.2} 19.3] 12 | 10.4 7 | 30.5] 19 
10°C. Soaked once 
for 15 hrs.....] 58 8 | 13.8 | 25.0 8 9.0 7 | 24.1] 38 





10°C. Soaked sev- 
eral times 2 


hrs. per week.| 350 | 178 | 50.8 | 20.7 | 123 9.5} 90 | 26.2 | 171 
0 








tn 
bo 

° 
OQ 


jE acces tech | Ow 3 | 10.3 ? 0 ? 














. Soaked once 
for 15 br.....: 1,090 | 90 12.1} 21.9] 40 8.6} 24 | 34.3 | 236 








i) 
bo 

° 
Q 











We see, then, that the greatest percent of pupation and 
fastest speed in the process goes on at 10°C. soaked frequently, 
and this is in agreement with our hypothesis. In other words 
frequent small soakings at 10°C. furnish optimum conditions 
for the enzymatic processes which precede pupation. The 
cold, soaking rains of winter and spring would furnish ideal 
conditions for preparing the animal for renewed activity as 
soon as the weather warms up a little. 
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The summer brood of codling moth larve do, however, 
pupate at higher temperatures, and such an enzyme would not 
be able to work under such conditions. This is obviously a 
different case, since continued exposure to summer tempera- 
tures has no effect upon the winter brood, as far as pupation 
is concerned. We may perhaps explain the autolysis of larval 
tissues in this case on the basis of acidity. We have already 
noted that Bishop, (1923), found that in the bee larva autolysis 
is due largely to the increased acidity of the tissues due to the 
activity of spinning, assimilation of fats, etc. The case of the 
bee larva is similar to that of the summer brood of the codling 
moth larve in that the metamorphosis is rather rapid and 
goes on at arather high temperature. The case of the summer 
brood has not yet been exhaustively studied from this point 
of view. 

In the case of the codling moth and doubtless in others 
not yet studied in this way, it is evident that addition of water 
to the tissues tends to break up the dormant period and renew 
life processes. The renewed activity of the animal may be 
shown in various ways in different species—by metamorphosis 
in the case of the codling moth; by growth and activity in the 
case of young grasshoppers or in certain spiders; or in the case 
of animals which hibernate as adults, by simply renewed 
activity, especially as regards the sexual organs. Perhaps 
further work will show that in these latter cases addition of 
water has a marked effect upon the enzymatic processes in 
the organs of generation which are usually most active in the 
spring. 


SUMMARY. 


1.—The break-up of hibernation in the codling moth larva 
is hastened and aided by the addition of water to the tissues, 
such as normally takes place during rains. This water, by 
diluting the fluids, probably speeds up the enzyme action in 
the animal’s body, and the result is a renewal of metabolic 
processes, pupation, and general activity. The frequency 
of soaking is of much importance. 

2.—During the exposure to rather low temperatures in 
winter and spring the tissues of the winter brood of codling 
moth larve undergo a preparation for pupation which marks 
the renewal of activity in spring. 
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3.—The preparation process does not go on at temperatures 
as high as 22°C. 10°C. is more favorable for it than 0°C. 
It may be explained by assuming the presence of an autolytic 


enzyme in the tissues, which works best at a temperature 
near 10°C. 
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INSECTS OF WESTERN NORTH AMERICA. 


INsEcts OF WESTERN NortH America, by Essig, E. O. A manual 
and textbook for students in colleges and universities and a hand- 
book for county, state and federal entomologists and agricultur- 
ists as well as for foresters, farmers, gardeners, travelers, and 
lovers of nature. Published by MacMillan Company, New York. 
In this book of over one thousand pages, Prof. Essig has brought 

together a very comprehensive survey of the insects occurring in the 

region west of the Rocky Mountains and ranging from Alaska to Mex- 
ico. The work is profusely illustrated; many of the figures being new 
and the arrangement in zoological order will make the book of special 
service to students. A regional work of this kind can serve a much 
wider purpose than that of a textbook for school or college use, since 
there is a very large amount of matter relating to injurious and bene- 
ficial insects, which can be used by any well-informed person and with- 
out detailed technical knowledge of the subject. The volume is well 
printed and deserves wide circulation. There are, of course, many 
references to species of wide distribution throughout the country, 
particularly those which have an economic importance and which have 
been distributed with the crops on which they feed. H.O. 








THE EXTERNAL ANATOMY OF THE BLACK HORSE-FLY 
TABANUS ATRATUS FAB. (DIPTERA: TABANIDZ).* 


STANLEY W. BROMLEY 


INTRODUCTION. 


The marvelous advances made during the last decade in 
discovering the part played by insects in the transmission 
of disease have naturally led to a more detailed investigation 
of the structure of the insects themselves. The Diptera, 
containing so many forms implicated in this activity, have 
afforded a rich field for research, and considerable attention 
has been given in recent years to the detailed morphology 
of many forms, the culicid and muscoid flies in particular. 
Progress on the interpretation of the external anatomy of these 
insects has been made principally on the mouthparts in the 
case of the blood-sucking flies and on the genitalia for specific 
differentiations in the case of the mosquitoes. Work on other 
structures has been neglected to a certain extent. 

In other groups careful work has been done on the genitalia 
in the case of the Syrphide (Metcalf ’21), and there have been 
recent works in which certain structures of Dipterous insects 
have been homologized with the corresponding structures of 
lower insects. Important contributions have been made in 
this country by Peterson (’16) in homologizing the head struc- 
tures throughout the order; by Comstock and Needham (1898- 
1899) and Comstock (1918) in homologizing wing structure 
and venation throughout all orders, and by Young (1921) in 
homologizing parts of the thorax and abdomen, while the 
works of Crampton and Snodgrass have been of great value 
in homologizing the thoracic sclerites, legs, and genitalia of 
the Diptera with those of other orders. 

Nowhere, however, has a single species been considered 
and treated fully in the light of the most recent morphological 
interpretations. Hence it appeared desirable that a paper 
dealing with the complete detailed external anatomy of a large, 


* Thesis submitted in partial fulfillment of the requirements for the degree 
of Master of Science, Massachusetts Agricultural College, May, 1924. 


440 





1926] Bromley: Anatomy of the Black Horse-fly 441 


common, characteristic, and at the same time rather general- 
ized member of the order should be at hand and with that end 
in view the following paper was prepared. 

While this paper is essentially a study in morphology an 
effort has been made to broaden its application into a reference 
for taxonomic study of the family to which the species under 
consideration belongs. The terms used in taxonomic work 
on this group have therefore been given in comparison with 
the terms used by morphologists. 


MATERIAL AND METHODS. 


The Dipteron selected for this work was the common 
black horse-fly (Tabanus atratus Fab.), chosen because of its 
large size, availability, and wide distribution. 

Dissections were made from both dried and alcoholic speci- 
mens. In the case of a dried specimen, boiling for two or 
three minutes in water brought about sufficient softening of 
membrane to allow manipulation and to bring out differentia- 
tion of plates and membrane. Further softening was necessary 
in some cases and was obtained by just bringing the specimen 
or parts to a boil in 10% Potassium hydroxide. Boiling should 
not be allowed to continue as it causes distortion. The potas- 
sium hydroxide causes fading out of chitin if the specimen 
is left in too long, hence care must be taken to prevent this. 

The action of the potassium hydroxide solution on the 
chitin will continue if there is a trace left on the specimen 
after it is placed in alcohol. To avoid this, the material was 
washed in water after removing from potassium hydroxide 
and placed in 70% alcohol to which a few drops of glacial 
acetic acid were added. The acid neutralizes whatever traces 
of potassium hydroxide may have been left in the specimen 
and thus arrests further disintegration of the chitin. 

A strong illumination was found necessary for examining 
the dissections. This was furnished by a Spencer high power 
Mazda Microscope Lamp (400 watt—100 volt). This threw 
a powerful light which was focused on the specimen by a con- 
verging lens. 


TERMINOLOGY. 


Terms applied by the taxonomist to structures in the Dip- 
tera, as in every other order, have in many cases been morpho- 











442 Annals Entomological Society of America [Vol. XIX, 


logically inaccurate in that they have been previously applied 
to other structures or to structures which they really are not. 
An example of the latter case is the term “‘metanotum”’ in use 
among systematists for the post-scutellum of the mesothorax. 
Many of these terms, however, have persisted in literature until 
they have become well established. Since this is the case, it 
has been the policy in this work to retain any term of long 
standing use as preferable, except where the terminology is 
too flagrantly in error, at the same time presenting the term 
in use among morphologists. In this way it is hoped that a 
little may be contributed toward a closer relationship between 
the actual homology of the structure and its employment 
as a taxonomic character. 

The development of a uniform terminology must of necessity 
be of slow growth but the gradual acceptance of such a termi- 
nology for the fundamental structures in all groups of insects 
is certain. Different terms for different group modifications 
are necessary and acceptable, but homologous structures 
throughout the class and even the phylum should bear the 
same names. 
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THE HEAD. 


The head of Tabanus atratus is large and disc-like, the anterior 
or cephalic aspect being roughly convex and the posterior or caudal 
aspect being slightly concave. The differences exhibited between the 
heads of the two sexes, particularly in the eyes and mouthparts as well 
as in general contour, are quite marked. The structures of the head 
will be considered under two groupings: those forming a part of the 
head capsule and those belonging to the mouthparts. 





Fig. 1. Head of female—anterior aspect. 
Fig. 2. Head of female—posterior aspect. 
Fig. 3. Head of male—anterior aspect. 
Fig. 4. Head of male—posterior aspect. 
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THE HEAD CAPSULE, 


The large compound eyes (c. e.) are fixed structures of the head 
capsule. They occupy a dorso-lateral position in the head and form 
about three-fourths of its cephalic aspect. They are dichoptic or quite 
distinctly separated in the female and are holoptic or contiguous in 
the male. In the latter sex, the facets on the upper portion are much 
larger than those on the lower while in the female all facets are of uni- 
form size. The ocelli are absent in both sexes. Furthermore, there is 
no indication of an ocellar tubercle such as is present in many Dipterous 
insects. 

The antenne (a) are movable isolated appendages of the head 
capsule. They consist of seven segments and are inserted in the mem- 
branous antennal fosse (a.f.) The segments differ in size and shape. 
The proximal segment is termed the scape (sc.), the second the pedicel 
(pd.), while the five remaining segments compose the flagellum (fl.) 
The first segment of the flagellum is greatly modified and enlarged. 
In fact, it is the largest segment of the antenna. It is bifurcate, the 
lower lobe bearing four small segments or ‘‘annuli,” closely approxi- 
mated, so that they appear to be one. 

The external sclerites of the head capsule are the vertex, fronto- 
clypeus, gen@, post-gene@, gula, occiput and labrum. Although a true 
sclerite of the head capsule, the labrum will be discussed with the 
mouth-parts because of its close association with them. The limits 
of many of the sclerites of the head are indefinite and the names have 
been applied to general regions rather than to clearly defined areas. 

The vertex (v) is a dorsal area of the head between the compound 
eyes. It is divided into an anterior and a posterior portion. The 
anterior portion is divided by a vertical suture into two areas in which 
the antennal fossz are located. This vertical suture, which is not 
visible in the posterior vertex, is the stem of the epicranial suture. 
The anterior vertex (a. v.) also bears a prominence at the base of each 
antenna which is known as the subcallus (sbc). The posterior vertex 
(p. v.) extends backward between the compound eyes far onto the 
posterior aspect of the head. Near the line demarking the anterior 
vertex is a prominence known as the frontal callosity (frc) which has 
been frequently used as a taxonomic character in the Tabanide. In 
the male, the close approximation of the eyes has limited the posterior 
vertex on the frontal aspect of the head to a small triangular piece 
termed the vertical triangle (vtr) while the anterior vertex has been 
termed the frontal triangle (f. t.). 

The frontal aspect of the head ventrad of the arms of the epicraneal 
suture not including the labrum and torme is designated the fronto- 
clypeus (frel). It is composed of the frons (fr) and the clypeus (cl) 
but the absence of the clypeo-frontal suture indicates the fused con- 
dition of the two, although the clypeus is partly demarked laterally. 

The front has been termed the “face’’ by systematic workers. 
There is also a triangular membraneous area, larger in the male than 
in the female, adjoining the labrum. This may allow partial mobility 
of the latter sclerite. 
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The gene (ge) or ‘‘cheeks,’’ are the areas on each side of the head 
below the compound eyes, between the frons and the postgene. The 
post-gene (pge) are indefinite areas of the lower caudal aspect of the 
head merging with the occiput. The term occiput (occ) has been used 
for the general region of the upper half of the posterior aspect of the 
head behind the compound eyes, into which the vertex extends. There 
is a cervical projection of the occiput around the dorsal border of the 
occipital foramen (oc.f.) This was termed the parocciput (pocc) by 
Peterson (’16). 

In the gular (gu) region of the female is a weakly chitinized ridge 
below the ventral border of the occipital foramen. This area in the 
male is strongly chitinized and merges with the postgenez. 

Pits and sutures are generally external indications of internal struc- 
tures. The external manifestations of the large internal tentorium 
are the frontal pits (f.p.) which mark the invaginations of its two an- 
terior arms; the grooves (i.d.) between the bases of the antennz and 
the compound eyes, which mark the invaginations of its two dorsal 
arms; and the gular pits (g.p.) which mark the invaginations of its 
two posterior arms. 

The epicraneal suture is a prominent land-mark of the head region. 
the arms (a. ep.) of this suture separate the vertex from the frons, 
while the vertical stem (s. ep.) is visible only in the anterior vertex. 
The frontal pits are located in the arms of the epicraneal suture, one on 
each side. 

The clypeo-labral suture (c. 1. su.) demarks the clypeus from the 
labrum. 


THE MOUTH-PARTS. 


The mouthparts in both sexes are produced into a prominent pro- 
boscis, projecting downward and slightly forward from the head cap- 
sule. In the female the parts are strong and modified for piercing 
and sucking, whereas in the male they are weaker and are not modified 
for piercing. 

The labrum-epipharynx (lr-ep) forms the anterior protective cover- 
ing of the more delicate mouthparts, while the fleshy labium (li) forms 
the posterior covering. The rigid, highly chitinized Jabrum (lr) is a 
sclerite of the head connected with the clypeus. The epipharynx 
(eph) forms a roof-like extension over the buccal opening forming 
with the hypopharynx (hyp) a sucking tube leading into the basi- 
pharynx (bph). The epipharynx is joined by a membranous connec- 
tion to the caudal aspect of the labrum. The forme (to) are small 
pharyngeal sclerites, the exposed portions of which are visible as hinge- 
like thickenings between the clypeus and labrum, and form a part of 
the epipharynx. 

The mandibles (md) lie immediately beneath the labrum-epipharynx, 
but are present only in the female. They are hard chitinized thin 
blades with fine sharp points fitted for piercing and lacerating the 
skin of the host. They operate like a pair of scissors, producing the 
“‘bite’”’ which draws the blood. 
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Beneath the mandibles lie the maxille (mx). The basal portions 
of the maxillz are embedded in a membranous region which is connected 
with the caudal portion of the hypopharynx. Each maxilla is com- 
posed of the cardo (car) or basal segment, the stipes (stp) or the second 
segment which bears the maxillary palpus or ‘“‘palp’”’ (mx.p.) and the 
galea (ga.) or distal segment. The stipes and cardo are firmly imbedded 
in the membranous area below the gular region. In the male this 
whole region is chitinized and the cardines are fused with this chitini- 
zation. The maxillary palpi (mx.p.) in both sexes are 2-segmented. 








Fig.6 


Fig. 5. Mouth parts of female, labrum and right maxilla removed— 
posterior aspect. 
Fig. 6. Head of female—ventro-lateral aspect. 


The galea (ga) is a slender delicate structure at the tip of which are 
borne minute projections which may indicate a sensory function. Im- 
bedded in the membrane joining the basal portion of the maxilla, at 
the juncture of the galea and the stipes, with the hypopharynx is a 
small chitinous plate, the interlora (il.) Peterson (1916) considered 
this plate homologous with the lacinia of other insects. Crampton 
(1923), however, proved its homology with the interlora found in 
certain hymenoptera. 

The hypopharynx (hyp) is a delicate unpaired structure arising 
partly from the mandibular and partly from the maxillary segment 
and forms the lower lip of the pharyngeal opening. The basal portion 
of the caudal aspect of the hypopharynx is connected with the labium 
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and the stipes bya membrane. The cephalic aspect of the hypopharynx 
is grooved, forming a trough leading into the basipharynx (bph). 
Through the basipharynx the liquid food is pumped by the oesophageal 
pump (0.p.) into the oesophagus. Through the hypopharynx runs 
the salivary canal (s. c.) opening at its distal end. Through this canal 
pass the secretions of the salivary glands which are injected into the 
wound by the salivary pump, composed of a thin distensible sax (s.s.) 
demarked from the salivary duct (s.d.), and the salivary bulb (s.b.) 

The labium (li) is largely membranous and consists of the trunk 
or mediproboscis, and two distal oral lobes, the Jabella (l.p.) which 
compose the distiproboscis. The labium of the male is slightly more 
elongate and slender than in the female. A large chitinous plate, 
the theca of Peterson (1916), occupying a position on the caudal aspect 
of the trunk, represents the united palpigers (u. p.). The labella rep- 
resent the united and modified labial palpi. On the lateral portions 
of the distiproboscis are small chitinizations, termed by Peterson 
Kappa, Sigma, and Furca (1, 2, and 3), which may represent vestiges 
of the segments of the fused palpi. On the inner surfaces of the labella 
are the so-called pseudo-trachee (ptr) bearing minute chitinous pro- 
jections, ostensibly of rasping function. 


THE THORAX. 


The thorax consists of three segments, the prothorax, the mesothorax, 
and the metathorax, and bears the wings and legs. For the operation 
of these organs of locomotion the interior of the thorax is filled chiefly 
with muscles. The muscles are attached to invaginations of the in- 
tegument, and to these invagnations different terms are applied de- 
pending on their position. A tergal projection for muscle attachment 
is termed a phragma; a pleural projection, an apodeme; and a sternal 
projection, an apophysis. The external manifestations of these internal 
structures for muscle attachment are found in sutures, fissures, etc., 
which are of importance in demarking the sclerites. That considerable 
stress is brought to bear upon the thoracic integument by the action 
of the wing and leg muscles is indicated by the presence of strongly 
chitinized plates in some places and areas of membrane in others where 
movement of the body walls is necessary. The dorsal sclerites are 
termed tergites; those on the sides, the pleurites; and the ventral plates, 
the sternites. The principal membranous areas are those in the neck 
region; at the articulation of the legs, wings, and halteres; at the at- 
tachment of the abdomen; and around the spiracles. 

There are two pairs of spiracles present on the thorax, one on the 
meso-, and one on the metathorax. They are designated the meso- 
thoracic or anterior spiracles (a.sp.) and the metathoracic or posterior 
spiracles (p. sp.) Each consists of an opening, through the body wall, 
of a main tracheal branch. Around this opening is a narrow encircling 
rim of chitin termed the peritreme (pr.) which bears a row of bristles 
protecting the opening against the entrance of foreign particles. 
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THE CERVIX. 

The cervix or neck region (cx) is intersegmental. It is membranous 
for the most part, but possesses lateral and ventral sclerites. The 
lateral sclerites have been termed the /ateral cervical plates (Icp). The 
anterior processes of these articulate with posterior condyles of the 
parocciput. The posterior portion of the lateral plate is large and 
bears a callosity beset with long hair. Its posterior apex is contiguous 
with the prothorax at the region of demarkation of the pronotum 
and proepisternum. Ventrally there is a deposition of chitin in the 
membrane to form a weak sclerite which probably corresponds to the 
presternum (prs), a definite intersegmental plate in the lower insects. 
Fused with the lower extremity of the anterior pronotum, and closely 
approximating the ventral margin of the lateral cervical plate is a nar- 
row strip of chitin, which normally is concealed from view by the 
sallosites of the sclerites bordering it. As shown by Crampton (1924), 
this strip in the lower Diptera was part of the lateral cervical plate 
but has split off and migrated toward the pronotum with which, in 
the present species, it has fused. 


THE PROTHORAX, 


The great development of the meso-thorax has resulted in the 
crowding of the prothorax into a small portion of the anterior-ventral 
region of the thorax. The propleuron is also greatly reduced but the 
prosternum is retained in a more primitive condition than in the two 
remaining thoracic segments. There are no spiracles in the prothorax. 

Tue Tercum. There are two tergal plates: the anterior pronotum 
(a. p.) and the posterior pronotum (p. pr). 

The anterior pronotum consists of a dorsal band of chitin which 
becomes broader in its development laterally until it fuses with the 
episternum. At the base of this lobe, just above the indistinct point 
of fusion with the episternum, is a large rounded callosity bearing 
long hairs. 

The posterior pronotum is divided into two lateral portions, known 
as the pronotal lobes (plo), by the anterior development of the mesono- 
tum; the dorsal connecting band being obsolete. Each of these lobes 
bears a callosity, the so-called humeral callus (h. c.) The pronotal 
lobes are closely associated with the prescutum of the mesonotum of 
which, in fact, they have been figured in literature as being a part. 
In some of the more primitive Diptera such as certain Tipulids these 
lobes are connected dorsally forming a continuous notal plate. 

THE PLEvuRON. The pleuron is divided by a distinct suture, the pro- 
pleural suture (p. su.), into episternum (es.) and epimeron (em.). The 
episternum fuses with the lower lobe of the anterior pronotum. The 
posterior portion is produced ventrally into a coxal process, the cowxifer 
(cf.), which articulates with the pro-coxa (c:). Fused with the anterior 
portion of the episternum is a large lobe, the ventral margin of which 
closely approximates the basisternum (bs:). This is a relic of the 
precoxal bridge (prx), which is a connecting strip of chitin between 
the episternum and sternum in certain of the lower orders of insects. 
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There is a distinct line of demarkation between the epimeron of the 
prothorax and the anepisternum of the mesothorax, but the lower 
and upper portions of the proepimeron have undergone such modifica- 
tions through fusion with other sclerites and secondary deposition 
of chitin that its boundaries in these regions are very vague. In the 
upper region there has been an invasion of the posterior pronotum 
and in the lower region there has been a secondary deposition of chitin 
bringing about a very nearly complete fusion with the sternopleurite 
(spl). 

THe STERNUM. The ventral region of the pro-thorax is divided into 
two sclerites, a large anterior basisternum (the true or eusternum) (bs;), 
and a smaller posterior furcasternum (fcs;). 

The basisternum lies caudad of the intersegmental presternum 
and separates the coxe. The furcasternum is a triangular sclerite 
between the antero-ventral apices of the sternopleura of the meso- 
thorax and the basisternum. On either margin close to the coxal 
membrane is a depression. These two depressions are the furcal pits 
(fp) and are the external manifestations of the invaginations of the 
furca, an internal forked structure, an apophysis for muscle attachment. 


THE MESOTHORAX, 


The mesothorax or middle segment is much the largest of the three 
divisions of the thorax. The great development of its external sclerites 
is in keeping with its great internal muscular development for the 
operation of the wings. The mobility of the wings is insured by the 
large membranous area on each side at the articulation of the wings. 
As there is more or less motion of the integument in the region of the 
spiracles, these areas are also membranous. 

Tue TerGuM. The mesonotum comprises most of the dorsum of the 
thorax. It is composed of two large tergal plates, the scuto-scutellum 
(S) and the postscutellum (PS), both of which are divided into subregions. 

The scuto-scutellum is the large anterior plate and is divided into 
three portions: the prescutum (prc), the scutum (sc), and the scutellum 
(sct). The transverse suture (ts) is here regarded as demarking pres- 
cutum and scutum, although the true division is anterior to this suture, 
being internally manifested by heavy integumental folds of which no 
external evidence is given. On each side of the prescutum is a lobe 
projecting caudad toward the base of the wing. These are the antea- 
lares (ant) or postero-lateral lobes of the prescutum. The scutum 
bears a projection at the articulation of the wing, the suralare (sl) 
or anterior notal wing process, one of the wing pivots. Cephalad of 
this process is a narrow strip of chitin, the prealar bridge (pre) connect- 
ing the scutum with the anterior basalare. The scutellum is the con- 
spicuous elevated plate immediately caudad of the scutum. It con- 
sists of two elevations, the anterior or prescutellum (prsc) being much 
smaller than the second to which the term scutellum is generally re- 
stricted. On either side of the scutellum there is demarked a depressed 
region, the parascutellum (psc). This bears the adanal or posterior 
notal wing process which is the posterior pivot of the wing (pwp). 








450 Annals Entomological Society of America [Vol. XIX, 


Immediately behind this process lies the axillary cord (ax. c.) which is 
a differentiated continuation of the parascutellum encircling the calyp- 
teres, as a thickened margin. 

The postscutellum is the second tergite on the mesothorax and is 
composed of a notal plate, the mediotergite (mp); the anapleurotergite 
(a. pl) immediately behind the axillary cord; and the large katapleur- 
otergite (k. pl.) just below the wings and above the metathoracic spir- 
acle. The latter sclerite bears a large callosity, the postalar callus 
(pac). The ana- and katapleurotergites together form the pleuro- 
tergite of the postscutellum. 

THE PLevuRON. The large mesothoracic or anterior spiracle marks the 
anterior terminus of the lateral membranous area extending through the 
articulation of the wings and separating the notum from the pleuron. 
The spiracle is borne in membrane but a secondary deposition of 
chitin has been laid down around the periphery of this membrane. 

The meso-pleuron is composed of two large divisions, the meso- 
episternum (es2) and the meso-epimeron (eme) demarked by the meso- 
pleural suture (p. sue). The meso-pleural suture in primitive Diptera 
is straight. The zigzag in this suture here and in the higher Diptera 
is a modification due to the specialization and the great development 
of the meso-episternum. Hence this is a group landmark of value 
in the interpretation of the phylogeny of the different families of the 
order. 

The meso-episternum is divided into an upper sclerite, the anepis- 
ternum or mesopleurite (a. es.), and a very large lower sclerite, the 
sternopleurite or katepisternum (k. es,). The dorsal posterior portion 
of the anepisternum has undergone considerable modification. The 
hypodermal cells have not laid down chitin in parts of this area, and 
detached plates have therefore been left partly or wholly surrounded 
by membrane. The anterior basalare (abl) is one such sclerite partly 
demarked from the anepisternum. On the other hand the posterior 
basalare (pdl) is wholly demarked. The pleural wing process or alifer 
(alf) is a narrow strip of chitin produced dorsally to form the ventral 
pivot of the wing. 

The sternopleurite (spl) is the large lower sclerite formed from 
katepisternum and sternum. The sternopleurites of either pleuron 
extend into the ventral region where fusion with the sternal sclerites 
has taken place. 

The meso-epimeron consists of an upper pleropleurite (a.eme) or 
anepimeron, and a lower mesopleurite or katepimeron (k. em). The 
pteropleurite is closely associated with the pleurotergite of the post- 
scutellum, and is partly subdivided by a zigzag suture, the pteropleural 
suture (pt. s.). Demarked from the dorsal region of the pteropleurite 
by a deep membranous groove is the subalare or subalar plate (sbl.). 

The meropleurite is a clearly demarked region ventral of the ptero- 
pleurite and cephalad of the meta-episternum. 

THE STERNUM. The anterior portion of the meso-sternum has be- 
come fused with the meso-episternum forming the sternopleurite, and 
the furcasternum, the only plate that can be clearly homologized, is 
very much reduced due to the close approximation of the coxe. 
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THE WING AND ITS ARTICULATION, 


The wings are long and the venation strong, fitting the heavy-bodied 
‘fly for sustained flight. The costal vein in particular is strengthened 
as the stress due to the resistance of the air is greatest on this part 
of the wing during flight. The venation is very easily followed and the 
wing of Tabanus has served as an illustration of venation in the Diptera 
in many text-books. 
In the Diptera the mesothoracic wings alone are functional in flight; 
the metathoracic wings have degenerated into mere knobbed threads, 
the halteres (h.). 


THE MESO-THORACIC ARTICULATION. 


The wings are joined with the meso-thorax by means of a mem- 
branous connection, known as the axillary membrane (ax. m.), in which 
are embedded the axillary sclerites or pteralia (alar ossicles) of definite 
form and number. 

The axillary membrane is a thick, heavy membrane continuous 
with the notum. 

The supporting wing-pivots on the thorax are three in number, 
two dorsal and one pleural. The two dorsal pivots are designated 
the suralare (sl) or anterior notal wing process and the adanal or pos- 
terior notal wing process (pwp). The pleural pivot is the alifer (alf). 

The axillary sclerites are four in number. The first or motoperale 
(n) is a triangular goose-necked plate hinging upon the suralare of the 
thorax on the one side, and upon the second axillary sclerite or medip- 
terale (m) and the base of the radius on the other. The third or basanal 
pterale (bsa) hinges upon the fourth or adanal pterale (ade) and the 
thickening at the base of alula (al). The fourth or adanal pterale 
hinges upon the posterior notal wing process (pwp) which is a pro- 
jection partly detached from the parascutellum. 

The posterior margin of the scutellum is prolonged into a corru- 
gated axillary cord (ax. c.) extending around the calypteres. Imbedded 
in the membrane at the anterior attachment of the wing just opposite 
the mouth of the transverse suture is a thickened bristle-bearing pad, 
known as the tegula or epaulet. The term squama has been incorrectly 
applied to the Dipterous tegula, w hich is homolgous with the tegula 
in Hymenoptera and s should bear that name. A portion of the base 
of the thickened costa is demarked into a small plate. This is the 
basicosta (bsc) or parategula. 


THE VENATION. 

In Fig. 7, the Comstock-Needham system for the venational termi- 
nology has been followed with a slight modification. This is found 
in the interpretation of the radius, where a change recently proposed 
(Shannon and Bromley, 1924) is shown. A few years ago, Tillyard 
(1919) proposed quite radical modifications in the nomenclature, par- 
ticularly that concerned with the medial cubital and anal branches. 
These changes have been presented in addition as there seems to be 
some evidence for his views. 
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Fig. 7. Right wing, upper surface, showing articulation with thorax. (d.c. should 
read d.c.a., and p.c, p.c.a.) 

Fig. 8. Thorax of female—left lateral aspect. 

Fig. 9. Meso-thoracic leg of female showing ventral aspect of tarsus. 

Fig. 9a. Dorsal aspect of tarsus, showing appendages of distitarsus partly with- 
drawn to show unguitractor tendon. 

Note. The Subscribts 1, 2, and 3 indicate the segment of the thorax on 
which the structures are borne. For example, em; — proepimeron, 
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THE PRINCIPAL VEINS. 


Costa. (C) The costa or costal vein is thickened at its base. It 
encircles the entire margin of the wing to the axillary excision. It is 
setose, bearing macrotrichie from its base to slightly beyond the junc- 
ture of Rgi4. The extension of the costa around the posterior margin 
of the wing has been termed the ‘‘ambient vein.”’ 

Suscosta (Sce.) The subcosta or auxilliary vein fuses basally 
with the stem-vein of the radius and merges with the costa at about 
three-quarters the distance to the apex of the wing. The subcosta is 
partly setose. Macrotrichie are present on the vein in a region be- 
tween the humeral cross-vein and the meeting of the costa and subcosta. 

Rapius (R). The great radius vein arises at the notopterale and 
gives rise to several large branches. It consists of a large basal stem- 
vein, demarked at the arculus by the stem-vein suture, and the con- 
tinuation of this stem-vein beyond the arculus into a main axis giving 
rise to the remaining branches. The continuation of the main axis 
to the margin of the wing is designated radius-one (Ri). This is the 
first longitudinal vein of Williston. The posterior branch of the first 
dichotomy of the radial axis gives rise to a series of veins which con- 
stitute the radial sector. The anterior branch of the radial sector 
or the second longitudinal vein (Re) according to Comstock is Rey, 
(assuming that it is composed of a fusion of the second and third branches 
of the radius). There is evidence to show, however, that in most 
of the Brachycera R; fuses with Re, and the basal portion of R; is lost. 
Therefore the second longitudinal vein is simply Re and the third 
longitudinal vein is composed of the two branches R3,, and R;. The 
portion of R; from the stem-vein suture to the costa is setose. 


Mepia (M). The media after branching off from the arculus 
divides into two main branches the anterior of which is the fourth 
longitudinal and the posterior, a portion of the fifth longitudinal. 
The anterior branch divides into M; and M: and the posterior branch 
is the single M;. Tillyard considers Comstock’s Cu; to be the branch 
M, of the media. 

Cusitus (Cu.) The cubitus is the large fifth longitudinal vein 
arising at the base of the arculus and dividing into two branches Cw, 
and Cue. Cue joins the second anal near the margin of the wing. 
According to Tillyard’s revision Cue is Cu, and the Ist anal is Cus. 


ANAL (A) veins. The anal furrow is a vestigial vein and represents 
the First Anal. The Second Anal is the sixth longitudinal vein and 
fuses with Cuy near the margin of the wing. The Third Anal is abortive, 
not reaching the margin of the wing. Tillyard interprets the anal 
furrow as cubitus-two; the second anal as the first anal; and the third 
anal as the second. 


THE CROSSVEINS. 


HuMERAL (hk). The humeral is a heavy cross-vein connecting 
the costa and subcosta near their bases. 
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Rapio-MeEpDIAL (r-m). The radio-medial or anterior cross-vein 
connects the posterior branch of the radius with the first branch of the 
media, forming the distal margin of first basal cell (R). 

MepIAL (m). The medial or posterior cross-vein connects Me 
with M3. 

Mep10-CuBiTaAL (m-cu). The medio-cubital or discal cross-vein 
connects M; and Cu. According to Tillyard this is not a cross-vein 
but a part of the vein M,. He considers the small vein at the basal 
margin of the cell Cu;, the medio-cubital cross vein. 

ArcuLus (ar.) The arculus is a heavy oblique thickening con- 
necting the radius, media and cubitus near their bases. 


THE CELLS. 


The areas of the wings between the veins are known as cells. Here 
the membrane is more or less transparent, although pigmented to 
appear dark brown in the present species. The following table gives 
a comparison of the two terminologies in general use. 


Ist C and 3rd A—parts of Costal and Axillary, respectively. 


2nd C—Costal 2nd M—2nd basal 
Sc—Subcostal M,—2nd posterior 
R—Ist basal Ist M.—discal 
R,;—marginal 2nd M.—3rd posterior 
R;—I1st submarginal M;—4th posterior 
R,—2nd submarginal Cu,— 5th posterior 
R;—Ist posterior Ist A—Anal 

lst M—prearculus 2nd A—Axillary 


THE POSTERIOR LOBES. 


The posterior lobes of the wing are three in number: the alula (al) 
and the distal (d. ca.) and proximal calypleres (p. ca.) The alula 
is more closely associated with the wing proper than the others. It 
is attached to the thickening at the base of the anal veins and is de- 
marked from the posterior margin of the wing by the axillary excision 
(ax. e.). The calypteres are heavy leathery membranous lobes with 
thickened margins. A fringe of flattened hairs, the squamal fringe 
(s. f.), encircles the margins of the calypteres. Thd distal calypter 
or upper squama has been referred to in literature as the squamula 
and more incorrectly as the antitegula. The proximal calypter or 
lower squama has been termed the squama and more incorrectly the 
tegula, a term which should be restricted to the epaulet. 


THE LEG, 


A discussion of the meso-thoracic leg alone will be presented, but 
the differences between it and the others will be cited. The trochantin 
is absent in all. The meso-coxa (ce) is closely associated with the 
pleural region. As if to compensate for this and to insure the mobility 
of the limb, there has occurred a breaking away of the distal portion 
of the coxa to form a separate piece, the disticoxite (dc). The mem- 
branous depression into which the trochocaput (tc) or basal portion of 
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the trochanter is set, is the coxatheca or coxal cup (cc). The trochanter 
(tr) is firmly associated with the femur (fe) of which it is a portion 
demarked by a construction. The basal portion of the tibia (ti), 
termed the tzbiacaput, articulates with the femur at the femur cup (fc). 
Projections of the femur at this point, the gonythecal lobes (gl) prevent 
the tibia from moving sideways. Two heavy tibial spurs (tsp) are 
borne at the tip of the tibia. 

The tarsus (ta) is composed of five segments or tarsomeres, the 
basal segment of which is the longest and is designated the basitarsus 
(bt). The tarsocaput (tsc) or basal portion of the tarsus is received 
into the tibiatheca (tt) the socket, in the tibia for its reception. The 
5th tarsomere is known as the distitarsus (dt) and bears the claws or 
ungues (u), the pulvilli (pv) and the ‘‘“empodium”’ or arolium (ar.) 

The ungues are connected ventro-basally with a movable plate on 
the ventral side of the distal portion of the distitarsus, and are flexed 
when this plate is retracted by the unguitractor tendon (u. t.) 

There are three pad-like structures borne on the distal portion of 
the distitarsus. The two lateral pads are the pulvilli. At the basal 
portion of each pulvillus is a small plate, the basipulvillus (bp). The 
median pad between the claws is the arolium or ‘“‘empodium.” The 
arolium although generally termed the pulvilliform empodium is not 
a true empodium as shown by Crampton (1923). 

In the structure of the coxe, the three legs differ. The pro-coxa 
(c1) is elongate and freely movable. The metacoxa (cs) is also movable 
but less so than the pro-coxa (c,). Furthermore the meta-coxa is com- 
pact rather than elongate. There is no disti-coxite to provide for 
greater mobility as occurs in the meso-thoracic leg. 


THE METATHORAX, 


The metathorax, particularly its notal portion, has been restricted 
by the great development of the mesothorax to a small posterior region 
more or less concealed by the abdomen. 


Tue Tercum. When the insect is in a natural position, the notal 
region is concealed by the poscutellum of the meso-thorax and the 
first abdominal segment. The tergum is composed of two plates, the 
scuto-scutellum and the postscutellum. 

The scuto-scutellum (ss) is a narrow band of chitin extending over 
the notum on either side to the halteres (h). The postscutellum (PS3) 
is continuous with the epimeron, extending over the notum as a narrow 
strip of chitin. 

THE PLevuRON. The pleuron is composed of episternum (es3) and 
epimeron (ems) demarked by the metapleural suture (p. sus). 

Below each halter is a membranous area in which the metathoracic 
or posterior spiracle (p. sp.) is located. Embedded in this membrane 
are a number of small chitinous areas and there is also a chitinized 
zone around the periphery of the membrane surrounding the spiracle. 
A small raised papilla-like structure which may be sensory in function 
is located in this region, just below the halteres. The upper portion 
of the episternum fades into membrane below the halteres but is clearly 
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demarked from the epimeron by the meta-pleural suture. A narrow 
strip of chitin extends from the episternum to the sternum forming 
the pre-coxal bridge (prxs). 

The epimeron is the largest sclerite of the metathorax and is closely 
applied to the abdomen. It bears sculpturings or sense-pits similar 
to those found on the abdominal plates. There are two rows of these; 
one near the postero-sternal margin and one at the meeting of the 
postscutellum and epimen nm. The name ‘‘hypopleura” has been loosely 
applied to the meta-pleuron, including the meropleurite and the meta- 
episternum and sometimes to the pleurotergite of the postscutellum. 

THE STERNUM. Due to the apposition of the coxe, the sternal region 
is much reduced, although it is more in evidence than that of the 
mesothorax. The furcasternite, indicated by the presence of the furcal 
pit is the only sternite which can be clearly homologized in this species 
but there has undoubtedly been a fusion here with the other plates of 
the sternum. The ventral chitinization may really be the basisternum 
and furcasternum combined. 


THE ABDOMEN. 


THE PREABDOMEN. 


The term preabdomen was introduced by Metcalf (1921) in describ- 
ing the external anatomy of the Syrphidz. It is used here to include 
the seven visible segments of the abdomen, or those in which spiracles 
are located. 

Sculpturings or the so-called sense-pits are present in definite areas 
on both tergites and sternites. Their significance is not clearly under- 
stood. A row of particularly large pits according to Young (1921) 
mark the fusion point of the first and second sternites. 

The abdomen as well as the occiput of the head and anterior part 
of the thorax is covered with a plum-colored “‘bloom,’’ consisting of 
very fine scales lightly adhering to the integument. 

THE Dorsum. The dorsum of the abdomen presents a series of 
tergites, seven of which are visible in a dried specimen. The first is 
narrow and overlaps the corresponding sternite to a much greater extent 
than do the others. The second tergite is the largest and the others 
diminish in size to the seventh, which is ov erlapped by the sixth and 
part of the fifth tergites due to the telescoping of the segments, so that 
only the posterior ‘third is visible. Counting from the seventh back 
to the first, each of the other tergites visible in the dried specimen 
is overlapped by the one preceding it in a diminishing degree until 
we reach the second, the anterior margin alone of which is covered b 
the first. 

Tue Latus. The latus consists of the membranous region between the 
tergites and sternites. As the tergites overlap the sternites this region is 
visible only when the plates are pulled apart. The spiracles are found 
in this membrane but are concealed by the tergites and consequently 
difficult to locate from the exterior. Their position, however, can be 
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determined by an internal examination, tracing the main branches of 
the trachez to their orifices in the membrane. There are seven pairs 
of spiracles present, a pair to each visible segment. The telescoping 
of the segments mentioned in the paragraph on the tergum has resulted 
in the crowding together of the spiracles, so that the third segment 
appears to bear two pairs of spiracles. 


Fig. 10. Abdomen of female—lateral aspect. 
Fig. 11. Terminalia of female—posterior aspect. 
Fig. 12. Terminalia of male—lateral aspect. 


THE VENTER. The first sternite is much the largest and according to 
Young, (1921), represents the fusion of the first two normal sternites. 
The remaining sternites occupy positions opposite the corresponding 
tergites and decrease in size to the seventh. 


THE POSTABDOMEN. 


The term postabdomen was proposed by Metcalf (1921) in referring 
to the Syrphide. It is used for that part of the abdomen in which 
the_segments have undergone modifications and are without spiracles. 
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THE MALE TERMINALIA. The term “hypopygium’’ has been applied 
collectively to the terminal structures of the abdomen of the male in the 
Diptera, more particularly to the genitalia and accessory structure but 
has also been used for the female terminal structures. Hence it is of 
little morphological significance. 

The genitalia proper consist of modifications of the ninth sternite, 
and are composed of a pair of gonostyles or ‘‘claspers’”’ (gs) and the 
chitinous aedeagus (ae) or intromittent organ. The gonostyles consist 
of two segments, the strong proximal basistylus (bs) and the movable 
dististylus (ds). These clasp the female during copulation, while the 
aedeagus is applied to the genital opening. The aedeagus possibly 
represents the fused penis valves of lower insects, while the term ‘‘penis’’ 
(p) refers to the internal terminal portion of the ejaculatory duct which 
is eversible. 

The proctiger (pr) or anus-bearing structure consists of the seg- 
ments beyond the ninth. These have undergone fusion and modifica- 
tion to such an extent that their homologies are not clear. The para- 
procts (pp) or parapodial plates may represent sclerites of the tenth 
segment fused with those of the ninth which persist as lateral lobes of 
the paraprocts. The paraprocts are fused at the dorsum but the line 
of demarkation is not pigmented. A pair of cerci (c) are present. 
There is a small triangular membranous suranal area which may repre- 
sent the vestigial epiproctal region of the eleventh segment. The 
ventral supports of the anus are two narrow chitinous plates side by 
side which may be called the sub-terminal plates (Vp). They may 
be homologous with the so-called ‘‘ventral plates’’ of mosquitoes. 
At any rate they probably represent the fused tenth and eleventh 
sternites. 


THE FEMALE TERMINALIA. The term “ovipositor’”’ has been used 
to designate the modified terminal portions of the female abdomen 
particularly the genital portion, to which it should be restricted. The 
eighth sternite projects pasteriorly beyond the eighth tergite but the 
membranous connections indicate that it belongs to this segment. It 
is modified into a large plate known as the infra-anal plate (iap) which 
is of taxonomic significance in this group. What may represent the 
ninth sternite is a weak chitinization folded back into the venter of the 
genital opening. 

The structures of the female proctiger are similar to those of the 
male, except that the plates considered in the discussion of the male 
genitalia as the lateral lobes of the paraprocts are detached in the 
female and form distinct sclerites. This is evidently a more primitive 
condition, and the plates probably represent lateral vestiges of the 
ninth tergite. 


LIST OF ABBREVIATIONS 


a.—antenna a. €Se.—mesopleurite 
abl.—anterior basalare a. f.—antennal fossz 
adl.—adanale al.—alula 
ae.—aedeagus alf.—alifer 

a. em,—pteropleurite an.—anus 


a. ep.—arm of epicraneal suture ant.—antealare 
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ap.—anterior pronotum 

a. pl.—anapleurotergite 
ar.—arolium 

a. sp.—mesothoracic spiracle 
a. v.—anterior vertex 
axc.—axillary cord 

ax. e.—axillary excision 
axm.—axillary membrane 
bp.—basipulvillus 
bph.—basipharynx 
bs,.—basisternum 
bsa.—basanale 
bsc.—basicosta 
bst.—basistylus 
bt.—basitarsus 

C1, C2, Cs—pro, meso, and meta coxz 
car.—cardo of maxilla 
cc.—coxal cup 

c. e.—compound eye 

c. f.—coxifer 

c. 1.—clypeus 

cl. 1. su.u—clypeo-labral suture 
cr.—cercus 

cx.—cervox 

dca.—distal calypter 

d. c.—dixticoxite 
ds.—distisylus 
dt.—distitarsus 
em.—epimeron 
ep.—epiproctal region 
eph.—epipharynx 
es.—episternum 

f. c.—femur cup 

fc. p.—furcal pit 
fos.—furcasternum 
fe.—femur 

fl.—flagellum of antenna 
f. p.—frontal pits 
fr.—frons 

frc.—frontal callosity 
frcl.—fronto-clypeus 

f. t.—frontal triangle 
ga.—galea of maxilla 

ge.— gene 

gl.—gonythecal lobes 

g. p.—gular pits 
gs.—gonostyles 

gu.—gula 

h.—halter 

h. c.—humeral callus 
hyp.—hypopharynx 

ia. p.—infra-anal plate 

i. d.—dorsal invagination of tentorium 
il.—interlora 

k. em:.—meropleurite 

k. es.—sternopleurite 

k. pl.—katapleurotergite 
lcp.—lateral cervical plate 
li.—labium 

1. p.—labial palpi or labella 
Ir.—labrum 
lr-ep.—labrum-epipharynx 
m.—medipterale 
md.—mandible 
mp.—mediotergite of post-scutellum 
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mx.—maxille 

mx. p.—maxillary palpus 
n.—notopterale 
oce.—occiput 

oc. f.—occipital foramen 
0. p.—oesophageal pump 
p.—penis 

pac.—post-alar callosity 
pb.—proboscis 
pbl.—posterior basalare 
pca.—proximal calypter 
p. cb.—precoxal bridge 
pd.—pedicel of antenna 
per.—peritreme 
pge.—post-genz 
plo.—pronotal lobe 
poce.—parocciput 
pp.—paraprocts 

p. pr.—posterior pronotum 
pr.—proctiger 
prc.—prescutum ; 
pre.—prealare of prealar bridge 
prs.—presternum 
prsc.—prescutellum 
prx.—precoxal bridge 
PS.—postscutellum 
psc.—parasutellum 

p. sp.—metathoracic spiracle 
ptr.—pseudotrachee 

pt. s.—pteropleural suture 
pv.—pulvillus 

p. vr.—posterior vertex 
pwp.—posterior pivot of wing 
S.—scuto-scutellum 
s.—signa 

s. b.—salivary bulb 

s. b. c.—subcallus 
sbl.—subalare 

sc.—scape of antenna 
sce.—scutellum 
sct.—scutum 

s. d.—salivary duct 

s. ep.—stem of epicraneal suture 
s. f£.—squamal fringe 
sl.—suralare 

S. p.—salivary pump 
spl.—sternopleurite 
ss.—salivary sac 
stp.—stipes 

t.—tegula 

ta.—tarsus 
tbe.—tabiacaput 
ti.—tibia 

to.—torme 
tr.—trochanter 
ts.—transverse suture 
tsp.—tibial spurs 
tsc.—tarsocaput 
tt.—tibiatheca 
u.—ungues 

u. p.—united palpigers 

u. t.—ugintractor tendon 
v.—vertex 
vp.—sub-terminal plates 
vtr.—vertical triangle 
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SOME UNDESCRIBED CORIXIDZ FROM ALASKA. 


H. B. HUNGERFORD 
Lawrence, Kansas. 


The following species of Corixide were secured through 
the kind assistance of Mrs. Sylvester Chance, who lives at 
Noorvik on the Kobuk river in Alaska. Mrs. Chance, who 
is a cousin of Professor Raymond Beamer, of the Department 
of Entomology at Kansas University, employed an Eskimo 
by the name of P. Scott to collect aquatic insects for us. Col- 
lections were made from the Kobuk river, August 6th, 1925, 
at which time there were many Corixids in the nymphal stage. 
A fair series of adults were taken however, nearly one hundred 
in the lot, and they represent three species, all undescribed. 
One is unique and represented by a single specimen which is 
amale. The others are Callicorixas. 


Arctocorixa chancei sp. new. 


Size: Length, 8 mm.; width across the eyes, 2.4 mm. 

Color: Dark. Head polished reddish brown, limbs and venter in 
fully pigmented specimens probably the same. The yellow markings 
of pronotum and hemelytra lightly suffused with red, especially on the 
pronotum. Twelve to fourteen reddish yellow (pale) bars crossing 
the pronotum; these are broken and furcate until exact number is 
indeterminate. Pale markings of hemelytra short, irregular, trans- 
verse, and of fairly uniform length, save a few at base of clavus, and 
arranged in four longitudinal series on corium. Membrane completely 
maculated with similar marks except the margin. 

Structural characteristics: Facial depression of male large, con- 
cave and wider than the outer marginal length of the eye; vertex promi- 
nent, bluntly conical in front as seen from above with low median 
longitudinal carina, and synthlipsis greater than caudal margin of eye. 
Pronotum long, triangularly produced behind, strong longitudinal 
median carina on anterior two-thirds. Pronotum strongly rastrate 
and transversely sculptured on the middle by several transverse im- 
pressed lines. Fainter rastrations on clavus and base of corium. Heme- 
lytra shiny and clothed with long white hairs. Metaxyphus small, 
slender and longitudinally depressed. Lateral lobes of prothorax 
slender. Limbs stout; anterior tibia strongly carinate. Pala faintly 
carinate on back side, upper margin turned forward for most of its 
length and bearing the upper row of pegs, as shown on figure 5. Strigil 
large, 18 or more, more or less anastomosing strie. Right clasper of 
male genital capsule as shown in figure 2. Described from a single 
male taken in Kobuk river, Noorvik, Alaska, Aug. 6, 1925, by P. Scott. 
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Callicorixa alaskensis sp. new. 


Size: Length about 7 mm., males averaging less and females per- 
haps a little more; width of head, 2 mm. 

Color: Dark. Head yellow but suffused with reddish brown. 
Limbs of same color; dorsal margin of front tibia and pola blackish, 
distal half of first tarsal segment of hind leg black. Pale markings 
of pronotum usually quite dark and consisting of 10 bands. Clavus 
banded. Corium with transverse yellow more or less broken lines 
about equal in width to intervening dark areas. 

Structural characteristics: Facial depression of male oval and deep. 
Interocular space wider than rear margin of eye. Rear margin of head 
faintly produced in median line. Pronotum with faint carina travers- 
ing anterior band, rastrate and rounded behind. Corium and clavus 
rastrate. Metaxyphus of usual form. Lateral lobe of prothorax 
broad, obliquely truncate. Pala of male thick, apical portion slightly 
curved forward. Pegs as shown in figure 8. Male genital capsule 
as shown in figure 6. 

Described from 27 specimens taken in Kobuk river, Noorvik, Alaska, 
August 6, 1925, by P. Scott. 

This and the following species as well as Callicorixa vulnerata (Uhl.) 
and one or two others might be mistaken for Callicorixa praeusta (Fieb.). 
Anything more than a casual glance, however, will convince one of the 
differences. 


Callicorixa noorvikensis sp. new. 

Size: Length, 7 mm.; width across eyes, 2 mm. 

Color: Same general color as preceding species, a band more on 
pronotum than in preceding species, and pale markings of hemelytra 
trifle larger. Distal end only of first tarsal segment of hind leg black. 

Structural characteristics: Facial depession of male oval and deep. 
Interocular space about the same as rear margin of the eye. Rear 
margin of head more markedly produced than in preceding species. 
Pronotum provided with the same faint carina, a little more angularly 
produced behind, thus making a longer pronotum. Lateral lobe of 
prothorax more slender and rounded at tip. Male pala less thickened 
and with anterior margin more sharply bent forward. Palar pegs as 
shown in figure 7, and genital capsule as shown in figure 4. Described 
from 70 specimens taken with above species. 


Comparative notes: The two species readily separated in both 
sexes. The first species represented by 20 males and 7 females. The 
second by 42 males and 28 females. 
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Callicorixa praeusta (Fieb.) 

Fig. 1. Genital capsule of male. Fig. 3. Pala of male. 

(Specimen from the late Dr. E. A. Butler taken at Hartford.) 

Callicorixa alaskensis sp. new. 

Fig. 6. Genital capsule of male. Fig. 8. Pala of male. 
Callicorixa noorvikensis sp. new. 

Fig. 4. Genital capsule of male. Fig. 7. Pala of male. 
Arctocorixa chance. 

Fig. 2. Right clasper of male genital capsule. Fig. 5. Pala of male. 
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NOTES ON A NEW FUNGUS OF THE BOLL WEEVIL.* 


JOSEPH KRAFKA, JR., and JULIAN E. MILLER 


University of Georgia, Athens 


On examination of some carbo-xylol mounts of boll weevil 
structures, the alimentary tract of one was found to contain 
ten resting sporangia of the fungus Pseudolpidium sp?. of 
the Family Chytridiales. 





A. Dissection of the posterior end of the boll weevil, Anthonomus 
grandis Boh., showing sporangia in situ. 


B. Resting sporangium of Pseudolpidium sp?. from the intestine of the 
boll weevil. 


The sporangium is ellipsoid, sharply echinulate and measures 
40-44 x 42-50 mu. 

This brief notation is given in order that other investigators 
may be on the watch for swarm pores and swarm sporangia 
in living material. 


* Contribution from the Zoological Laboratory of the University of Georgia, 
No. 8. 
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THE BIONOMICS OF DINOCAMPUS COCCINELLZ 
SCHRANK. 


W. V. BaLpur* 


Many entomologists are acquainted with the spectacle 
of our common adult ladybeetles secured to the cocoon of 
their parasite and exposed on the trunks of trees, on weeds, 
grasses and other objects. Although this parasite has been 
studied by various men from the days of Dr. C. V. Riley to 
date, many phases of its cycle and habits have been unknown 
heretofore in this country. Its bionomics were therefore 
deserving of some attention and inasmuch as this same species 
is now believed to occur in some European countries, a com- 
parison of its life history and habits here and there is of more 
than passing interest. 


SYSTEMATIC POSITION AND SYNONOMY. 


This parasite of ladybeetles is a hymenopterous insect of 
the family Braconide, subfamily Euphorine, and known 
scientifically as Dinocampus coccinelle. Probably because of 
its wide distribution in several countries on both sides of the 
Atlantic, the parasite had long been treated as several species, 
whose identity, however, was established by Mr. R. A. Cush- 
man in 1922 (1). The original description was written by a 
German naturalist, Franz von Paula Schrank in 1802. The 
following data on the synonomy are quoted from Cushman: 


“In 1811 Nees (von Esenbeck) described his Bracon terminatus, 
later (1834) erecting for it and one other species the genus Perilitus. 
Nees’ species was subsequently transferred by Wesmael (1885) to his 
genus Microctonus, and Foerster (1862) erected for it the genus Dino- 
campus. In 1872 Cresson described his Euphorus sculptus and in 1889 
Riley his Perilitus americanus.” Riley (4) had however previously 
assigned it the provisional name Centistes americana, which was adopted 
by Weed and Hart (9) in their paper on the habits of this parasite. 


* Contribution No. 104 of the entomological laboratories of the University 
of Illinois. 


465 








466 Annals Entomological Society of America [Vol. XIX, 


“The synonomy is therefore as follows: 
Dinocampus coccinellz (Schrank) 
Ichneumon coccinellee Schrank, Fauna Boica, vol. 2, 1802, p. 310, 9. 
Bracon terminatus Nees, Mag. Ges. Naturf. Fr. Berlin, vol. 5, 1811, p. 26, 2. 
Perilitus terminatus Nees, Ichn. Affin. Monog., vol. 1, 1834, p. 30, 9c 
Microctonus terminatus Wesmael, Nouv. Mem. Acad. Sc. Bruxelles, vol. 9, 1835, 
p. 63, 9. 
Dinocampus terminatus Foerster, Verh. Naturh, Ver. Preuss. Rheinl., vol. 19, 
1862, p. 252. 
Euphorus sculptus Cresson, Can. Ent., vol. 4, 1872, p. 227, 9. 
Perilitus americanus Riley, Insect Life, vol. 1, 1889, p. 338, 9. 
Perilitus terminatus Dalla Torre, Cat. Hym., vol. 4, Braconida, 1898, p. 122. 
Ichneumon coccinelle Dalla Torre, loc. cit., vol. 3, part 2, 1902, p. 875. 
Dinocampus terminatus Timberlake, Proc. Hawaiian Ent. Soc., vol. 3, 1918, p. 401. 


DISTRIBUTION AND HISTORY. 

Dinocam pus coccinelle has been reported to date from New Zealand, 
Europe, North America, and Hawaii. Timberlake (2) says it was 
probably introduced into Hawaii from North America with the 
coccinellid Olla abdominalis which is known from Indiana, Southern 
California and Texas. Further records for the parasite from North 
America are given in the literature as follows: Glover (3), Maryland; 
Chittenden (10) and Riley (4), Washington, D. C.; Riley (4), North 
Bend, Ohio; Missouri; Oxford, Indiana; Sheldrake, New York; Cut- 
right (7), Ohio; Cresson (5) and Folsom (10), Illinois; Weed and Hart 
(9), and the following records from the Illinois State Natural History 
Survey: Mahomet, Seymour, May 21, 1891, Urbana, May 13 and 22, 
1891, and Normal, May 12, 1884; Cushman (6) Vienna, Virginia; 
Timberlake (8) Salt Lake City, Utah; Agawam, Mass.; Brownsville, 
Texas, and Humboldt Canyon, California; Girault (11), Paris, and 
Will’s Point, Texas. Professor R. C. Smith, Manhattan, Kansas 
in a letter to the writer states that the parasite was rather plentiful 
during 1919 at Charlottesville, Virginia, and he has seen them since 
in Kansas. 

Records of its occurrence in Europe indicate a wide distribution 
there. Ratzeburg (4) found them in Neustadt, Germany; Tullgren 
(12) gives an account of its activity at Stockholm, Sweden; while in 
Russia its presence in Riazan (13), Petrograd (14), and St. Petersburg 
(15) was made known by Goriainov, Bogdanov-Katkov, and Oglobin, 
respectively. Riley (4) gives indications that it also occurs in France 
and Great Britain. According to a privately published paper (1925) 
by A. A. Girault, it may occur also in New Zealand. It may therefore 
be deduced that D. coccinelle occurs in many countries of at least the 
north temperate zone, and is perhaps generally distributed in most of 
this area. 

Whether it was brought to America from Europe is not known, 
but that such introduction is possible is suggested by its transposition 
into Hawaii from western United States. Schrank’s original descrip- 
tion of the parasite was written in 1802, or a hundred and twenty-four 
years ago, whereas Cresson first named it from Illinois fifty-four years 
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ago, in 1872. Its known occurrence in foreign countries that have long 
had commercial relations with the United States favors the theory 
that it may have been carried to us from abroad. However, it may be 
a native species. 


HOSTS. 


All information accumulated to date indicates that D. coccinelle 
parasitizes only adult beetles of the family Coccinellide. Within this 
group some species, as far as known at present, are never attacked, 
while a considerable number become infested with it to a moderate 
extent, and a few are evidently strongly favored by the parasite. Cush- 
man (6) placed the following species in a cage with the parasite: Adalia 
bipunctata, Anatis 15-punctata, Hippodamia glacialis, H. convergens, 
Coccinella 9-notata, Ceratomegilla fuscilabris (Megilla maculata), Cy- 
cloneda sanguinea (munda), and Hyperaspis species. All the species 
were attacked except Hyperaspis sp. Larve of various ladybeetles 
were also caged in this way, and were likewise pursued by the parasite. 
However, the parasite was obtained in these tests only from a single 
specimen of adult, a C. fuscilabris. From beetles brought from nature, 
Cushman invariably reared the parasite from C. fuscilabris adults, 
with the exception of a single specimen from H. convergens. Riley (4) 
indicates that it was obtained most frequently from C. fuscilabris, 
but ‘fone specimen of C. 9-punctata was also found which had evidently 
been infested by the same parasite.”” Folsom (10) reported the same 
two species parasitized. Weed and Hart (9) bred it from cocoons 
in connection with C. fuscilabris, while Glover (3) makes brief mention 
of the same common ladybeetle being attacked by a ‘‘parasitic insect.” 
Timberlake (2) indicates that it develops also on Olla abdominalis 
Say, a ladybeetle introduced into Hawaii from California, but since 
its introduction the parasite usually attacks Colephora inaequalis 
F. Later (18), the same writer reports rearing the parasite repeatedly 
from O. abdominalis. In his paper on the bionomics of Hippodamia 
tridecim-punctata L., Cutright (7) states that very rarely an adult of 
this species may be found parasitized by D. coccinelle. Hubbard (3) 
increased the host list by adding Hippodamia convergens, which Timber- 
lake (8) also found to be a fairly common subject. 

The above records are for coccinellids native to the United States. 
The range of species reported attacked in Europe is more limited. 
Ratzeburg (4) obtained it from Coccinella 5-punctata and C. 7-punctata. 
Tullgren (12) bred it from C. 7-punctata. Goriainov (13) also found 
cocoons of the parasite among the latter host, while Oglobin (15), 
who has made the most extensive study of the parasite up to the present, 
took it commonly from C. 7-punctata, and less frequently from Adonia 
variegata, and only once was Halyzia 14-punctata found attached to 
the cocoon of its enemy. From a review of the published papers on 
the two common species of phytophagous ladybeetles in the United 
States (Epilachna corrupta and E. borealis) it was learned that these 
pests are not known to be attacked by this parasite. 
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During the present study at Urbana in 1924 and 1925, some of the 
old host records were confirmed and several new ones established. 
Ceratomegilla fuscilabris, as reported by former workers, was found to 
be the host most commonly parasitized. Other species already reported 
and here again shown to be hosts, were Hippodamia convergens, Cocci- 
nella 9-notata, and H. 13-punctata, while C. sanguinea, H. parenthesis, 
and Adalia bipunctata were added to the host list. In most cases 
these species have been found quite commonly, in proportion to their 
numbers, with the parasite cocoon, excepting C. 9-notata. Here only 
the eggs or the first instar larvae of the parasite were obtained from 
two individuals exposed to the adult parasite in cages. These seven 
species of ladybeetles are the larger ones most commonly taken here. 


METHOD OF ATTACKING THE HOST, 


When individuals of D. coccinelle were released in a tall chimney 
cage containing ladybeetles, the parasite usually recognized its prospec- 
tive host promptly. Several factors influence the promptness of the 
discovery: (1) age affected the responsiveness of the parasite, which, 
under cage conditions, lived on the average of four days, and was most 
active in parasitizing the coccinellids when two and three days old; 
(2) distance between the parasite and the ladybeetle, the latter being 
most easily discerned at a distance of three inches or less away, although 
the parasite can recognize an active beetle at greater distances; and 
(3) the degree of activity and perhaps the conspicuousness of the colors 
of the beetle. It was demonstrated again that insects spy objects in 
motion much more readily than when the same body is at rest. 

Having centered its attention upon a beetle, the parasite responds 
in one of two ways, depending on whether the beetle is at rest or moving. 
When the ladybeetle is quiet, the braconid approaches it with antennz 
vibrating in the brisk manner characteristic of parasitic Hymenoptera, 
and strikes the beetle with the antenna, the first legs, or even brings 
the head in contact, or runs over the back of the beetle. In so doing, 
the parasite sometimes waltzes clear round the beetle, striking it on all 
sides. In some instances the ovipositor is brought into use, punching 
the beetle here and there, which conduct must perhaps be interpreted 
as an effort to oviposit. However, the vulnerable parts of the body 
being covered by the elytra when the beetle is at rest, these thrusts 
do not often end in oviposition, hence only have the effect of prodding 
the beetle into travel, if any response at all is obtained. The parasite 
has been seen repeatedly thrusting the ovipositor at the head, sides 
and posterior of a Coccinella novem-notata without penetrating the 
integument or causing the stolid beetle to move. However, most often 
the ovipositor is carried ensheathed until the beetle is made to run 
by tapping it with the anterior appendages. 

When the parasite succeeds in inducing locomotion, it quickly 
darts after the beetle from behind. Usually, during the first part of 
the brief interval of pursuit, the ovipositor is:promptly and quickly 
drawn from the sheaths in which it is carried directed caudo-ventrad; 
it is brought forward by turning the abdomen ventrad and cephalad 
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between the three pairs of legs and produced almost or quite against 
the venter of the thorax. In changing its position, the ovipositor 
thus describes an angle of almost one hundred eighty degrees made 
possible by the movement of the base of the ovipositor from the back 
to the front of the ventral orifice of the abdomen, and by the hinging 
of the abdomen at the petiole. The ovipositor is then exserted and pro- 
duced forward to such an extent that its apex reaches slightly beyond 
the face. 

The parasite quickly arrives within striking distance of the fleeing 
beetle, and when conditions are favorable makes an extra effort and 
suddenly thrusts the ovipositor still further forward, and in successful 
instances penetrates the body wall. The majority of the thrusts are 
directed at the posterior aspect of the abdomen when it is slightly 
elevated during locomotion. When at rest, the elytra of some species 
of Coccinellidze, notably Coccinella sanguinea and C. novem-notata, 
fold so far over the tip and sides of the abdomen that but a small un- 
protected surface or none at all remains exposed at which the parasite 
can aim its ovipositor. When the beetle is in motion its sides are 
beyond the reach of the parasite. The ovipositor is so small and 
sharp, and the act performed so quickly that the details regarding the 
exact point of insertion could not be determined. However, it seems 
that the tip of the ovipositor slides along the external surface of the 
abdomen until it strikes a coria. Here the force behind the needle- 
like rods would seem to push them through quite readily due to the 
greater flexibility and lesser thickness of the conjunctive. But the 
transverse slit-like terminal aperture of the abdomen of these beetles 
also seems to offer good possibilities because it is least obstructive 
and most favorably situated. The fact that a large percent of the 
parasite eggs or newly hatched larve found in the beetles examined 
occurred in the posterior extremity of the body cavity confirms the 
latter view. 

Although it seems that most beetles are running or crawling when 
attacked, some may rest in such a position or place as to expose vulner- 
able points in their body armor,—perhaps chiefly the sides of the ab- 
domen. This state obtains especially when the beetle has had an 
abundance of food, or females are very gravid, with the result that 
the abdomen becomes much distended, exposing the terga and corie 
of several of the terminal abdominal segments beyond the tips of the 
wing covers, much as when the beetle contains a full grown parasite. 
Many thrusts at the cephalo-lateral surfaces of the thorax have been 
noted, but subsequent dissection revealed that no eggs were injected. 
Numerous beetles direct from nature were also examined, and less 
than one percent had been punctured anterior to the abdomen, as 
determined by the position of the parasite egg or small larva in the 
host. Hence, the most effective parasitizing is accomplished when 
the parasite finds the beetle active or succeeds in getting it excited. 
Then the parasite is most enthusiastic and alert, and moves most 
quickly, whereas the beetle, in its efforts to elude the pursuer, is least 
able to defend itself and carries the abdomen raised up in an attitude 
favorable to attack. 
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However, the beetle is not entirely defenseless. In several cases, 
caged beetles were noticed to drive away, or snap at, the parasites, 
In other instances, while the parasite was pursuing beetles closely, 
the latter quickly raised their abdomens and actually kicked their 
hind legs at the parasite. But that act was at the same time utilized 
by the ingenious enemy which thrust at the venter of the abdomen 
when it was thus elevated. The beetles, if congregated, may gain some 
respite by what resembles a game of cross-tag played with a parasite. 
The latter pursues the original prospect, and when another beetle 
chances to intervene, the parasite follows the interloper. The atten- 
tion of the pursuer has been seen to be diverted in this way several 
times without:a stop. 

The mode of attack by Dinocampus coccinelle has been briefly 
described before by Ratzeburg (4) and Cushman (6), who state that 
it performs in the same manner as A phidius, while Oglobin (15) and 
Glover (3) refer to the similarity of this procedure with that of Meteorus, 
both of these genera being braconid relatives of D. coccinelle. 

STRUCTURE OF THE OVIPOSITOR. 

The ovipositor of D. coccinelle consists of three long, slender, needle- 
like parts, each slightly more than 1.5 mm. long, tapering distinctly 
at the tips. Two of them are in a ventral position, their inner faces 
contiguous, and the third rests upon them, fitting into the dorsal fur- 
row formed by the convex surfaces of the other two parts. When 
examined in cross-section, the latter were found to be of equal size and 
solid, and if their detail structure could be discerned a tongue and 
groove device might be found uniting them. Their position and 
structure suggests that they are supporting rods for the superimposed 
element. The single upper needle is hollow, and seems therefore to 
be the tube for conducting the eggs from the oviduct of the parasite 
to the body cavity of the host. It is 0.104 mm. in outside diameter 
at the base, and the terminal third tapers gradually, reaching a thick- 
ness of about 0.016 mm. at the apex. Each of the two solid rods is 
about two-thirds the diameter of the egg tube. 

The means of joining the single tube to the pair of supporting rods 
could not be seen satisfactorily, but inasmuch as the three needles 
can be separated only by persistent manipulation it is obvious that 
they are quite intimately united by a definite mechanism. All of 
them are sharp distad, hence seem to play some part in making a way 
through the hard body wall of the host. One parasite penetrated so 
far that the ovipositor stuck, the beetle drawing its offender along a 
short distance before the connection could be broken. Hence, whatever 
the detail method of functioning is, the ovipositor penetrates one 
third its total length. The basal two-thirds of the ovipositor forms 
a very obtuse angle with the distal one-third, the latter portion being 
bent upward when this instrument is set to make an attack. This 
bend facilitates reaching and penetrating the host inasmuch as the 
point of the prospective host struck by the tip of the ovipositor is gen- 
erally on a slightly higer level than the proximal portion of the ovi- 
positor. 
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RATE OF OVIPOSITION. 


The oviposition habits were determined from observations when 
the parasite was caged with beetles, and by dissections of the parasite 
and its usual hosts, the latter brought from nature in most cases. Eggs 
were not sought at length in coccinellids from outofdoors, but such 
as had been exposed to the parasite in cages were examined carefully. 
The number of parasite larva together with the isolated head capsules 
found is taken as just as accurate an index of the rate and manner of 
the egg laying as the number of eggs themselves found on several oc- 
casions. 

The ovaries are yellow and spindle-shaped. Not less than ten, 
and perhaps twelve ovarian tubes compose each ovary. Eggs bearing 
the characteristic attenuated cephalic appendage are recognizable 
in the caudal half of the tube. It was possible to make out at least 
100 eggs more or less matured in both ovaries at one time in two-day 
individuals. If, as generally believed, the adult D. coccinelle lives 
two weeks or more in nature, it is probable that a single parasite is 
potentially able to lay from two to four hundred eggs during its life- 
time. 

Beetles parasitized in natural situations generally contain from 
one to three parasites each. Three were rarely found, and two per 
host did not occur in more than two beetles in each hundred dissected. 
In the majority only one larva and no extra head capsules were found, 
indicating that usually not more than one egg is delivered in a single 
attack. All of the larve found in one host were usually of the same 
size and age, which may be taken to signify that these numbers of 
eggs are deposited simultaneously by one parasite at one thrust. A 
few exceptions, all arising under cage conditions, should be mentioned. 

In one instance, an embryo and two larve of distinctly different 
sizes were discovered. In another, two living larve of different ages 
occurred. Ina third case a beetle was found killed by the emergence 
of a mature larva. An examination of this beetle revealed the presence 
of 31 very small larve in the abdomen of the beetle. One C. fuscila- 
bris exposed to fresh parasites in cages for 24 hours was taken dead 10 
days later. The abdomen of the host contained 30 small parasite 
larve of the first instar. Another individual contained evidence that 
seven eggs had been injected, perhaps simultaneously. Oglobin (15) 
reports finding as many as 60 eggs and first stadium larve in a single 
Coccinella 7-punctata found dead in captivity. Even though these 
are abnormal examples they possess the value of showing that the 
parasite is not able to ascertain whether or not its prospective host 
has already been infested, either by itself or another of its kind. 

These instances of caged parasites illustrate more strikingly than do 
the parasitized beetles direct from nature what are the conditions 
affecting the number of eggs injected at one time. In case of extreme 
superparasitism the eggs are probably not all inserted at once. Such 
are the result of close and protracted confinement of a few beetles 
with a proportionately larger number of parasites than occur out of 
doors. In all probability the development of eggs in the ovaries of 
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the parasite continues whether or not beetles are available. If cir- 
cumstances compel the parasite to search for hours or days to locate 
a ladybeetle, thus permitting mature eggs to accumulate in the oviduct, 
a relatively large number of eggs is probably delivered at the first 
opportunity. Whether or not all the mature eggs can be discharged 
into this one beetle also hinges much on the favorableness of the chance 
to attack. A more or less deliberate assault may possibly be made 
on some species not easily made to move, e. g. Hippodamia convergens, 
as compared with a high strung species like Ceratomegilla fuscilabris. 
At the same time it is realized that the greater activity of the latter 
appears to induce the parasite to pursue more vigorously and perhaps 
With more success in injecting an unusual number of eggs. The abun- 
dance of the beetles is also probably a factor in determining the num- 
ber of eggs the parasite injects. When one parasite per host is com- 
mon it seems to signify that numbers of beetles were at hand opportune- 
ly so as to prevent an accumulation of eggs in the oviduct. 

At the usual rate of egg laying, a single parasite has the potentiality 
to parasitize several hundred beetles. If this capacity were realized, 
ladybeetles attached to the cocoons of their enemy would be much more 
plentiful than they are. It is first quite improbable that one D. cocci- 
nella can find two or three hundred ladybeetles in its adult lifetime, 
which has been found to be at most two to three weeks in cages. Ob- 
servations on caged parasites show that oftentimes several thrusts are 
necessary to accomplish the act of oviposition. Even when a pros- 
pective host is sighted, much time is consumed by the parasite in its 
necessary attempts to get a favorable chance at it. After pursuing 
beetles as long as an hour continuously, the parasite sometimes stood 
apart and preened itself for varying lengths of time before reassuming 
its efforts. Three successive charges and thrusts were made on one 
occasion by a single parasite in one minute. Such persistent and 
vigorous efforts consume much energy, and it raises the question whether 
the vitality of the parasite is sufficient to support the infestation of 
two hundred beetles or more at the rate of one egg per beetle. 

Inasmuch as the great majority of attacks are directed at the pygid- 
ium of the beetles, it is to be expected that most of the eggs are located 
just within the body wall near the tip of the abdomen of the host. All 
eggs ever located in dissecting beetles, and not less than 98% of the 
first instar larvee found, occupied this terminal position. 


THE EGG AND THE INCUBATION PERIOD. 


Eggs from the oviduct and newly deposited specimens from the 
hosts, (Fig. 1) possessed the same general form. The egg is composed 
of (1) a bulbous oy which bears a short and sharp point at the pos- 
terior end, and (2) an elongate, slightly curved petiole broadly fused 
to the egg proper, a tapers off gradually toward the apex. Hence, 
the egg may be hescathed as flask-shaped. Embryonic development 
shows that the petiolate end is cephalic. 

The dimensions and shape of the egg vary greatly. Oglobin (15) 
found fully grown eggs in the parent that were 0.08 mm. long and 
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0.02 mm. in maximum width. The writer obtained eggs from the 
same source that were much larger, or 0:29 mm. in length and 0.06 mm. 
in greatest diameter. The caudal point measured 0.04 mm. in length, 
the petiole 0.10 mm. and the bulb about 0.14 mm. This difference 
in size of the eggs is possibly to be explained by their age, the larger 
having perhaps been retained longer in the oviduct. Growth of the 
eggs in the host cavity, and possibly also in the parent, seems to result 


b 





Fig. 1. .Egg from oviduct, or newly deposited in host. X 100. 

Fig. 2. Same egg aged about four days. X 40. 

Fig. 3. Egg shortly before hatching. X 40. 

Fig. 4. First instar larva, dorsal view, showing mandibles extended, squarish 
head, tail-like appendage, and alimentary tract in outline. X 25. 

Fig. First instar larva, lateral view. X 25. 


5 
Fig. 6. Head capsule of first instar larva, ventral view; a, antennze; md, mandi- 
bles; mx, maxille; 0, oral cavity; 1, labium; i, inflexed portion of tergum 
of head. X 69. 
Fig. 7.—Mature larva, ventral view, showing mouthparts: md, mandibles; mx, 
maxillez; m. p., maxillary palpus; 1, labium; 1. p., labial palpus. X 17.5. 


(All figures drawn by Mrs. W. V. Balduf.) 


from assimilation of liquids from the surroundings. From the date 
of deposition to the time the larva hatches, the egg enlarges noticeably 
in diameter, shortens greatly, and assumes a different shape. In 
the first day or two the short caudal point is resorbed, and at the age 
of about five days the egg bears only a very short slendef, curved 
appendage (Fig. 2), the shrunken petiole, which is now 0.06 mm. or 
less in length, and the egg proper is robust oval. The petiole disap- 
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pears entirely before the larva leaves the egg (Fig. 3). At this age, 
one lot of five eggs from one caged beetle ranged between 0.31 mm. 
long by 0.16 mm. thick, and 0.43 mm. by 0.21 mm., with these dimen- 
sions averaging 0.37 mm. by 0.19 mm. Six eggs four days old from 
another beetle exposed to a single parasite for one continuous period 
of 17 hours measured between 0.87 mm. by 0.22 mm. and 0.22 mm. 
by 0.14 mm., the average dimensions being 0.29 mm. in length by 0.19 
mm. in width, and their petioles having an average length of 0.08 mm. 
The disparities in the length of the petiole are correlated with the ages 
or individual differences of the eggs. 

When four or five day eggs removed from beetles were left in a 
0.5% saline solution the chorion was pulled away from the vitelline 
membrane by the liquid absorbed and stored between the layers. In 
this condition the structures of these membranes could be noted. The 
chorion is unsculptured, smooth and transparent, but the vitelline 
membrane is marked off into quadrangular, pentagonal, and hexagonal 
patches, and is slightly less transparent than the chorion. 

The transparency of the egg shell permits the study of the embryo 
in position. The four day egg contains an embryo that suggests the 
newly hatched larva by its moderately blocky head and general body 
shape. The body then lies doubled upon itself and remains thus till 
nanan time. At five days the segments are quite readly discerned 
and the head has the appearance of becoming quite heavily chitinized. 

To determine the duration of the egg stage, caged beetles were 
exposed to the adult parasite from 17 to 24 hours at a time. Careful 
subsequent dissections revealed the state of growth of the embryo 
on successive days and showed that the larva comes from the egg in 
6 or 7 days in the laboratory where day and night temperatures were 
similar and the average was between 70 and 75 degrees Fahr. 

Only one larva was discovered that seemed to be in the process of 
hatching. The egg had become attenuated and sharpened along the 
ventral "edge due to the tendency of the pointed- tailed body of the 
larva to extend itself from its doubled state. The dorsal e dge was 
rounded and broad in conformity to the width of the insect’s body 
which at that time assumed a curved state. Presumably, therefore, 
hatching consists simply of breaking the egg shell incident to the ex- 
tension of the body. The pointed tail possibly punctures the shell, 
or produces leverage for the mandibles, which may in that case, force 
an opening by reason of their pointed construction. 


THE STRUCTURE OF THE LARVA. 


Oglobin (15) implies that the larva has four instars, but states 
that he did not examine the third and fourth. This is the only refer- 
ence made heretofore to the instars. The writer distinguished only 
three instars, but four are probably present as in some other species 
of braconid parasites whose larval development was studied intensely. 
The first. and second have plain external distinguishing features, and 
if the two further instars exist they bear close superficial resemblance 
to one another. 
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THE FIRST INSTAR. 


The first instar larva (Fig. 4) has a flat squarish, heavily chitinized, 
light-brown head, and a subcylindrical or somewhat depressed whitish 
thorax and abdomen, the latter tapering, first slightly to the anal 
region, then sharply the rest of the way, terminating in a conspicuous 
pointed, post-anal process or tail. In lateral view, the body of a normal 
specimen undulates considerably in outline as shown in Figure 5. In 
dorsal view the head is plain and smooth, but the surface is somewhat 
uneven, but of uniform color and texture. It continues around the 
sides of the head to the ventral surface. There it terminates on each 
side in a longitudinal curve beginning at the base of the mandibles, 
bending toward the median line and receding to the lateral margin 
at the posterior edge of the head. 

The dorsal margin extends forward shelflike. On its under surface 
one finds structures that might be interpreted as antenne (Fig. 6). 
The most conspicuously retained elements of the mouthparts are the 
mandibles. They are thick at their bases and curve gradually back- 
ward so that their sharp-pointed apices usually rest slightly overlapped 
and directed into the oral cavity. The mouth opening is readily 
seen and circular. Arising just posterior to the base of each mandible, 
and extending mediad to the lateral margins of the mouth one seems 
to discern a pair of wedge-shaped sclerites which the writer interprets 
as the maxilla. They are probably no longer functional, perhaps 
being fused to the head. The sclerites of the labium do not remain, 
but the depressed region between the ventral productions of the heavily 
chitinized tergum appear to be the labium. 

The thorax and abdomen together consist of twelve somites of 
uniform length and the unsegmented tail which is perhaps to be in- 
terpreted as another, or thirteenth segment. These regions are semi- 
opaque, hence the fat contents and the outline of the alimentary tract 
are recognizable. The latter may be traced through its entire length. 
It begins as a wide opening in the anterior third of the head, and nar- 
rows funnel-like to about one half the diameter of the mouth at the 
hind margin of the head. Posterior to the head it continues with a 
uniform diameter and unspecialized structure until it reaches the tail 
segment. At that point it broadens conspicuously bulblike, and makes 
a turn dorsad, terminating blindly in the body wall at the base of the 
tail. There it is indicated on the outside by a squat circular elevation 
with a shallow central concavity. This depression may possibly 
represent the remains of the former anus. 

The presence of a pointed tail and the pre-dorsal termination of 
the hind gut recalls similar conditions in the rotifers, the leeches, and 
other animals including a few arthropods. Superficially this similarity 
suggests a common ancestry among these animals, but the dorsal 
position of the anus is a secondary development originating incident 
to the rise of a post-anal appendage in each case. These appendages 
are simply specialized portions of the body that serve for locomotion, 
adherence to objects, or similar functions. This condition further- 
more obtains in scattered groups of animals and seems therefore to 
be purely adaptive without phylogenetic value. 
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THE SECOND INSTAR. 


When the first instar larva moults the heavily chitinized head is 
lost, but this region still remains somewhat blocky and differentiated 
from the rest of the body. The tail becomes proportionately much 
abbreviated and assumes a ventro-terminal position almost or quite 
at right angles to the long axis of the larva. The digestive tube be- 
comes more sack-like, yet retains some tendency to open dorsad, but 
in the mature larva loses even this semblance to opening behind. It 
is of such large vertical and transverse diameter that it occupies almost 
the entire body-cavity excepting the posterior portion. 


THE THIRD AND FOURTH INSTARS. 


In the last instar the larva is still further reduced than in the earlier 
stadia in the process of becoming adapted to the parasitic life. The 
form of the body is grub-like, and the head loses the distinctive shape 
present in the second instar, whereas the tail is very rudimentary or 
lost entirely. However, the mouthparts are still traceable, and the 
elements present can be quite definitely identified (Fig. 7). The 
mandibles are slender, sharp-pointed and wedge-shaped; the maxille 
are broader, subquadrangular and separated by a heart-shaped labium. 
Both the maxillary and labial palpi are visible although inconspicuous. 
All these parts are flattened against the face and appear to be capable 
of but little usefulness in feeding. The openings of the silk glands 
are on the middle of the labium, according to Oglobin (15). The 
same writer found nine pairs of spiracles, the first located between 
the first and second segments behind the head, and the rest on segments 
four to eleven. Each of the latter pairs is situated in the front corner 
of the fleshy lateral projections of the segment. 


DEVELOPMENT OF THE LARVA, 


The smallest larve removed from ladybeetles were 1.2 mm. long. 
Considering that five day old embryos were 1.14 mm. long and that 
seven days is the incubation period, it may be assumed that the above 
larve had hatched only a short time before they were found. Oglobin 
(15) gives the same measurements for larve of that age. Their width 
is approximately 0.25 mm. at that time. However, the body in this 
instar grows greatly in length, width and thickness. The maximum 
length discovered was 2.52 mm.; the other dimensions reached two or 
three times the original size. The head capsule enlarges only to a 
small extent compared with the body. The changes in its size take 
place in the extension of the width and thickness of the hind portion 
due to the swelling of the body. Seventy head capsules measured 
0.31 mm. in length and 0.29 mm. in width, with variations of only 
one or two hundredths millimeters above or below these figures. 

Most ladybeetles contain but one parasite. This fact connected 
with the failure to discover more than one moulted heavily-chitinized 
head capsule in such instances indicates that all larve having these 
head characteristics are of the first instar. In the course of rearing 
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larve of known ages the maximum size of this instar was reached in 
a few cases in approximately nine days. 

Several larve of the second instar were measured. One had a 
length of 2.36 mm., which is less than the maximum size of the first 
instar. This indicates overlapping in the size of individuals of the 
two instars. Another second instar specimen was 2.61 mm., whereas 
the largest perhaps reaches about 3.0 mm. in length and 0.9 mm. in 
thickness. 

The duration of this and each of the succeeding instars was not 
determined separately. However, the entire larval stage requires 
fifteen to twenty days for its development, so that the last three in- 
stars are passed relatively rapidly in from six to ten days. The largest 
larvee of the species ranged from 3.25 mm. to 4.5 mm. in length, and 
1.13 mm. to 1.46 mm. in maximum diameter. Oglobin gives the length 
of the last instar larve as 5.6 mm. with a width of 1.5 mm. 


HABITS OF THE LARVA, 


The newly hatched larva begins its existence within the body cavity 
of the host and near the body wall. Ina high percentage of the cases, 
the incipient location is in the caudal extremity of the cavity, while 
a very few begin their life in other parts of the abdomen or even possi- 
bly of the thorax. However, their position is not fixed because they 
have been found in all quarters of the body cavity. They migrate 
probably with the aid of their caudal appendage which is perhaps 
manipulated in lateral or dorso-ventral directions, prying against the 
internal parts of the host. Locomotion is apparently rather limited, 
because with a small number of exceptions, these larve occur within 
the limits of the abdomen. Even here their distribution is confined 
to the space between the viscera and the dorsal wall. Rarely are 
larve to be found among the vital organs of the host, excepting the 
dorsal blood spaces and the fat body which constitute their abode. 
Here the larve of all instars are found, and the amount of locomotion 
necessarily decreases as the parasite approaches the state of maturity. 
The young larva lies in a longitudinal-diagonal position for most part, 
but also transversely, or one end of the body on a lower level than the 
other. The larger individuals generally lie in the long axis of the host, 
pressing the viscera down, and extending gradually further forward 
into the lumen of the thorax as they grow. Thus they eventually 
occupy all available space, and in addition create more needed room 
by distending the body wall of the host along the transverse and the 
pleural coriz of the abdomen. Larve of the second instar and others 
large enough to be at least third instar individuals are known to turn 
end for end within the host. The facts that some are headed cephalad 
in the beetle and that the parasite, when mature, issues head foremost 
from a point near the cauda indicates that even the mature larve need 
to double upon themselves in order to acquire an attitude favorable 
to emergence. Presumably these movements cause great discomfort 
to the host. 
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CANNIBALISM. 


In instances where two or more larva hatch quite simultaneously 
in the same host, the first act of these individuals seems to be an attack 
upon one another. In all cases specifically noted, one larva survived 
the conflict, its body being plump and entire, whereas its victims are 
left in various physical states. In all cases they are represented by 
at least the chitinous head to which is attached the more or less de- 
pleted thorax and abdomen. Such specimens not uncommonly have 
the body walls broken or constricted, indicating the points at which 
the mandibles of the assailant were applied. Often the punctured 
spots had turned black, and seemed to be disintegrating. This condi- 
tion probably signified the work of the phagocytic cells of the host 
subsequent to the death of the larva by cannibalism. Again the vic- 
tims may be clear-bodied and only collapsed, having had their body 
fluids extracted. The relative position of certain two larve noted led 
to the conclusion that mutual and simultaneous attacks may occur, 
and perhaps with fatal results to both individuals. When many 
larvee of the same age occur in a single host, as for instance in some 
beetles exposed to the adult parasite for a day or two in cages, it is 
probable that several larve are attacking others at the same time. 
For a time, several survive, but eventually even these successful indivi- 
duals are probably killed in turn by their more aggressive or more 
favorably situated fellows, and at last only one remains. 

Two living first instar larve in more advanced states of growth 
were found on only two occasions. Here, one occupied the abdominal 
cavity while the other occurred in the thorax, their remote situations 
being their mutual safeguard. If two larve in this state should moult 
at the same time no further cannibalism could presumably take place 
on account of the condition of the mandibles, but death of both would 
probably result from ultimate overcrowding and starvation, or the 
premature death of the host. When, as in the two instances above, 
one larva moults one or two days before the other, the helpless second 
instar individual might possibly be destroyed by its better equipped 
first instar cohabitant. Sometimes eggs are injected into ladybeetles 
that already contain a large parasite. In these cases it was found 
that the newcomer larva failed to develop beyond the first instar. 


FOOD OF THE LARVA. 


Thus, in instances of superparasitism, the first food of the incipient 
instar larva is the body liquids of its fellows. However, in the majority 
of cases only one larva occurs per host. In most instances then their 
food is quite obviously derived from the immediate situation occupied 
by them. Inasmuch as the larve lie in the upper spaces of the host’s 
body lumen which are the seat of adipose tissue and the blood, the 
chief food of the larvz in all instars is derived from the fat body and 
the circulatory system. Unparasitized beetles generally contain an 
abundant store of fat in the dorsum of the abdomen and, in parasitized 
individuals, the smaller larvee frequently lie within its mass. It seems 
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conclusive that the falciform mandibles of the first instar serve only 
to puncture the host tissue and to secure the larva to it, and not to 
tear off and transfer particles of solids to the mouth. It would seem 
then that the victim is pressed close to the mouth opening so the body 
juices can be imbibed directly. That chiefly liquid rather than sold 
substance is taken as food is also demonstrated by the absence of 
liquids in the host’s body cavity, while the musculature, reproductive 
organs, nervous system and alimentary tract remain intact although 
relatively dry and collapsed. In all instars after the first, the larva 
lacks the grasping mandibles, and having no functional mouthparts, 
is under necessity of sucking up primarily liquid substances. 


EMERGENCE OF THE LARVA. 


The entire process of emergence of a mature larva from its host 
and the reactions of the beetle were observed in a single instance. 
Thirty-five minutes before it came forth, its host was capable of run- 
ning about but did so only when prodded. Otherwise it remained 
stationary, the body and appendages quivering, and exhibiting nervous 
convulsions at intervals. At this time the abdomen had become 
much distended both sidewise and longitudinally, so that several of 
the caudal segments extended beyond the tips of the elytra. The 
degree of distention is naturally greatest in the smaller species of lady- 
beetles. This expanded state of the body, however, is not peculiar 
only to parasitized beetles. When plenty of food is available the 
alimentary tract is sometimes so engorged that the abdomen is en- 
larged, and females in an advanced state of gravidity also bear a gen- 
eral resemblance to infested beetles. However, this specimen of parasi- 
tized beetle, in addition to having the body greatly distended, was 
humped up at the juncture of the pronotum and the elytra. 

The point of emergence of the parasite was for years a matter 
of conjecture. Riley (4) in 1888, said it ‘‘seemed probable that the 
ventral portion of the thoracico-abdominal suture was used for this 
purpose.”” He dissected a beetle and found “‘an apparently fullgrown”’ 
larva with ‘‘its head directed towards the suture between the abdomen 
and the metathorax, thus strengthening the probability that this is 
the point of exit.’’ Webster, collaborating in this study, concurred 
with him in this opinion, but Patton believed the “larva had apparently 
emerged from a perforation in the last segment of the abdomen.”’ 
Folsom (10), in 1909 acknowledged that “‘some mystery exists as to 
where the larva makes its exit, for the shell of the beetle appears to be 
unbroken.”’ It remained for Cushman (12) to settle this point. He 
discovered a Ceratomegilla ‘‘from which the parasite larva was just 
emerging. It was protruding from beneath the elytra of the host 
and had forced the tip of the abdomen downward. The exact point 
from which the parasite was coming—I found to be the suture between 
the fifth and sixth abdominal segments slightly to the right of the 
median dorsal line.” 

In the present study, beetles from which the parasites had gone 
were examined and the exit was always found to be at the place de- 
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scribed by Cushman, although varying slightly to the right or left of 
the median line. The distended state of the abdomen previous to the 
emergence of the larva brings the juncture of the fifth and sixth seg- 
ments near to the apex of the wing covers, hence the exit is accom- 
plished without much hindrance except from the body wall itself. 
This thin flexible dorsal wall is the least resistant part of the beetle’s 
anatomy, and when stretched to its limit the still thinner coriz are 
forced to unfold. This condition, together with the abnormal humped 
posture of the body, makes a most favorable condition for the exit 
of the parasite. During emergence, the body wall is also rent slightly 
lengthwise, involving only the two segments immediately concerned, 
thus affecting four small right-angled flaps which are folded back 
during the pushing out of the larva. 

The larva first slowly extruded the first head segment and after 
a few minutes the second. This condition obtained for fifteen minutes, 
and in the following five minutes the greater part of the body emerged 
rapidly. However, the parasite did not become separated entirely 
from the host, the caudal three or four abdominal segments serving 
to anchor the footless grub during its initial period of helplessness 
in the new environment. This position was maintained during the 
next thirty-five minutes, but the parasite gradually pulled out further 
during this period. No sooner had the larva emerged, as far as stated, 
than it began spinning its cocoon, relinquishing its hold on the host 
only when the network of silk was so far constructed as to insure itself 
against falling off the host’s support. 


COCOON FORMATION, 


When spinning began the anchored larva was headed caudad from 
the beetle, but soon-bent its anterior third dorso-cephalad, excreting 
two parallel strands drawn out in the direction of the middle of its 
body. This act was repeated several times, forming a loose maze of 
threads entirely unattached to the larva. In a few moments the 
head was turned ventro-cephalad under the abdomen of the host, 
drawing out strands of silk by the characteristic vibrations of the 
anterior part of the body. Now it laid down a loose springy jumbled 
mass of continuous silk threads on the host’s support and about its 
hind legs. Gradually the larva extended its telescopic body, mean- 
while building a similar jumble of silk all over the space under the 
beetle and between its legs, until it reached the venter of the beetle’s 
head. During this process the larva enmeshed first the hind legs, 
then the middle and front legs in sucession in the same manner. This 
act of enmeshing the legs must be regarded as entirely incidental to 
the formation of the cocoon and determined by the nature of the en- 
vironment, and not for securing the host against escape as is some- 
times implied in the literature. The above procedure required thirty- 
five minutes. At this time the head of the parasite had reached that 
of the host, and the anchoring segments were completely withdrawn 
from their attachment. The final medium that connected the parasite 
to the host was a few threads of viscous material, probably a substance 
from the host and toughened from exposure to the air. 
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The parasite has now completed its preliminary covering and is 
safely hemmed in against the possibility of dropping from its support. 
At this stage its head is approximately under the head of the host. 
In order to continue cocoon building henceforth, it is necessary that 
all the space under the beetle be within reach of the parasite’s head. 
Consequently the parasite shifts its body in two ways, (1) longitudinally, 
and (2) laterally. First, the whole body is turned end for end at 
intervals. In this act the anterior part is turned back upon the rest 
of the body, the hind portion first remaining stationary. But when 
the front portion has overlapped the posterior, the latter is pulled in 
the opposite direction and assumes the place formerly occupied by 
the head. Just before this shift the larva may be lying on its back, 
venter, or one of the sides, hence, the direction in which the head is 
turned depends on the previous position of the body. The period of 
time consumed between these shifts varies greatly, as was determined 
by watching several larve perform in various stages of cocoon forma- 
tion. Just after the larva releases its hold on the host, they occurred 
at intervals of about five minutes. After having spun approximately 
four hours, one individual was observed continuously for nine hours 
and ten minutes. During this period the larva turned end for end 
thirty-two times. The duration of the stay between turns varied 
gradually from a minimum of six minutes at first to a maximum interval 
of twenty minutes one hour and forty minutes later. Thereafter 
the extent of the intervals vacillated between eighteen and nineteen 
minutes for two and a half hours longer. During the final seven hours 
the periods were on the average about seventeen minutes, with the 
minimum interval occurring near the end of the whole period. The 
cocoon was not yet finished when observations ceased. 

In the last two hours of another instance, the larva turned end for 
end five times. The intervals in minutes were from first to last, 18, 
22, 22, 31, and 17 respectively. From these and similar observations, 
it is estimated that any given larva makes about 110 longitudinal 
changes. Early in the process, the act of shifting requires five to ten 
seconds, but in the last hour over a half minute was needed, presumably 
due to the proximity of the larva to the pupa condition. 

The second kind of change in position is a lateral shift. One end 
of the body is braced against the inner wall of the cocoon, furnishing 
leverage for accomplishing the act. The lateral turns take place 
during the intervals between the longitudinal shifts. After each length- 
wise turn, the act of spinning is resumed in whatever attitude the 
larva happens to be. After applying the silk to the space within 
reach in the original position, it turns sidewise to reach the other areas 
of the inner wall. In one instance observed in detail two and a half 
complete lateral rotations were made between two successive longi- 
tudinal shifts. A complete lateral rotation was found to consist of 
six or seven separate sidewise shifts, in which the larva lies successively 
upon its back, shoulders, side and venter, and intermediate aspects 
of the body. The direction in which the shifts are begun is perhaps 
determined by the original position of the larva just after its longitudinal 
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change.’ Some larve shifted at times from right to left, and at other 
times from left to right, but each appears to continue throughout a 
given interval in the direction in which the lateral shift began. 


THE WALLS OF THE COCOON, 


As a result of the two types of shifts, a cocoon is made that has all 
parts uniform in thickness and structure. When the process of emerg- 
ence of the larva from the host was depicted, it was stated that the 
parasite spins a loose jumble of threadwork under the host in the first 
thirty-five minutes of its external existence. When the connection 
with the host is severed, the larva continues to form a loose mesh- 
work within the original covering, but now the longitudinal and lateral 
shifts are involved. The meshes appear gradually to decrease in size, 
and eventually form a continuous layer, which, when the cocoon is 
complete, shows its shiny gold brown color through the loose silk strands 
of the outer layer. At this time the larva seems to cease to draw the 
threads from its silk pores. Instead of placing them loosely as before, 
they are now applied directly to the inner wall before they harden 
from exposure, the hardening taking place on the wall itself. The an- 
terior part of the body still vibrates hither and thither as before, but 
the direct contact of the face with the cocoon wall suggests the term 
‘painting’ rather than ‘spinning’ for description of this act. The 
cocoon therefore consists of two layers, (1) the outer, loose, meshwork 
and loops of silk, which is directly attached to (2) the inner, solid and 
continuous layer. 

The inner layer is itself a composite structure. In each interval 
between the longitudinal shifts, the larva applies silk with its face, 
seeming to spread it thinly over all the area in reach in each of its 
positions. The silk thus applied hardens quickly, and as a result of 
the two types of shifts, the application made in each successive position 
of the larva would seem to be discontinuous with the next, resulting 
in the deposition of numerous very thin sheets. If each lateral rotation 
involves six separate shifts, and two and a half rotations are made 
between each two consecutive longitudinal shifts, the estimated one 
hundred ten longitudinal turns would imply the formation of approxi- 
mately sixteen hundred fifty such thin sheets of silk by one larva in 
the process of constructing its cocoon. If so, each sheet or plate was 
observed to require not less than twenty-five complete vibrations of 
the body of the larva, which works almost incessantly at its task for 
a period of twenty-seven and a half hours as noted in two instances. 
A cross-section of a completed cocoon was examined with four hundred 
magnifications, but the separate laminz could not be isolated. How- 
ever, the laminate character of the inner layer was made known by 
teasing a cocoon apart by the use of dissecting needles. Numerous 
very thin plates resembling mica-sheets in transparency and texture, 
and overlapped much as the outer layers of an onion, were found to 
compose the cocoon beneath the loose mixture of silk on the outside. 

Superficially the sides of the finished cocoon appear to be slightly 
convex, but actually a broad shallow constriction extends clear around 
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the cocoon at the middle at right angles to the long axis. This condi- 
tion results from the alternate spinning process. In each longitudinal 
position the larva in painting the inner face of the cocoon describes 
an arc of about forty-five degrees, being able therefore to reach the 
wall space intermediate between the ends of the cocoon as effectually 
as that nearer the ends. This shape is not very obvious until the fluffy 
outer layer of silk is removed. 

The ends of the finished cocoon are also well differentiated. The 
caudal end is broadly rounded, whereas the cephalic end is pointed. 
The pointed tip is hard and thick, somewhat button-like, with a con- 
cavity on its inner face. This tip, like other parts of the inner layer 
of the inner portion of the cocoon, consists of numerous laminz of silk 
which can be peeled off. The larva appears to spend more time and 
effort at that place than at any other of equal size. One is sometimes led 
to think that the larva is resting with its head inserted into this end, 
but it is perhaps really making a heavy deposit of silk without the 
usual body vibrations. This button structure is begun when the 
loose outer layer is completed. The larva pokes its head repeatedly 
into the maze of strands, shaping this end dome-like and simultaneously 
making it rigid by laying down a proportionately greater quantity of 
silk. The caudal end is similar to the sides of the cocoon in respect 
to thickness. 


THE SPINNING CAPACITY OF THE LARVA. 


To determine the spinning capacity of the larva, an individual 
that had finished the outer layer of its cocoon was removed from it. 
The outer layer is completed in approximately one hour. This larva 
promptly began the construction of another case, and was allowed to 
continue until the inner layer was well under way. Being again de- 
prived of its case, it proceeded again to make a third, and was per- 
mitted to make it more nearly complete than in the second instance, 
and was again taken out. The next day the exhausted, emaciated 
larva was found dead. The total spinning time here was only six 
hours and forty-two minutes, as compared with twenty-seven hours 
normally required to finish'a cocoon. The death, and no doubt also 
the cessation of spinning, was premature, the chief contributing factor 
being the expenditure of much energy resulting from depriving the 
larva of the usual anchorage derived from its place under the host. 
Two factors may be involved that determine the duration of the spin- 
ning. First, if the silk glands are exhausted of their productive capacity 
in the normal period of twenty-seven hours, the act of cocoon forma- 
tion is automatically checked by this exhaustion. It is unlikely that 
the continuous addition of laminz of silk on the inside so far reduces 
the space that it acts as a check on spinning. The lumen of the cocoon 
is maintained much larger than the diameter of the larva by the fre- 
quent doubling of the insect upon itself incident to the longitudinal 
shifts. Besides, the extrusion of much silk from the body reduces the 
size of the larva at the same time that the lumen slowly becomes less 
spacious. However, the relentless and irrevocable processes of his- 
tolysis and histogenesis leading to the pupa condition would seem to 
be the main forces that fix the temporal limits of the spinning period. 








484 Annals Entomological Society of America [Vol. XIX, 


LOCATION OF THE COCOONS. 


Most of the cocoons found either out-of-doors or in the cages were 
formed under the host and fit snugly there in respect to both their 
length and diameter. The beetle stands astride the cocoon, the right 
legs and the left legs of the beetle being on opposite sides, and the head 
and posterior of the host extending somewhat beyond its ends. As 
seen leoes a limited number of instances, the cephalic end of the cocoon 
may be directed either toward the head or the cauda of the host, re- 
gardless of whether the host is headed up or down the support it occu- 
pies when the parasite emerges. In a few instances the cocoons were 
constructed very near but not under the host. This seems to result 
from a change in the position of the beetle while the cocoon is being 
formed, which in turn disturbs the parasite. For example, one larva 
observed had made the usual loose outer layer of the cocoon under the 
host, but due to the movements of the beetle, the final cocoon was 
established a few millimeters away from the original spot. 

In the springtime in the university forest, the cocoons were common 
on dandelion leaves, stems, bracts, and flowers, and upon the upper 
surface of the foliage of broad-leaved plantain. Trunks of apple 
trees and the under side of bark flakes on the trunks of these trees 
near whose bases the beetles may.winter, were common locations of 
cocoons in late April and during May. In the fall they occurred at- 
tached to corn foliage, ears and stalks. Other writers have taken them 
from under boards, by sweeping grain, from clover, and other plants. 
In fact there is no type of situation exclusively occupied by them, 
their exact location being determined by the place the beetle host 
happens to occupy when it becomes incapacitated for locomotion by 
the emergence of the parasite. Hence, the situation inhabited by the 
largest number of ladybeetles, especially of those species apparently 
preferred by the parasite, yields the largest number of cocoons. Again, 
these situations are those near which the beetles winter, or which are 
richest in aphids, pollen, fungi, and other foods of ladybeetles. 


THE PUPA STAGE, 


A series of beetles collected in the university forest on May 9, 1925, 
gave rise to a number of parasites the date of whose emergence from 
their hosts was determined. The time of appearance of the adults 
from the cocoons was likewise known. These parasites were in their 
cocoons in cages indoors from eight to ten days. Oglobin states that 
the adult comes out in ten or eleven days after the insect is in the cocoon. 
Some larve have required about twenty-seven hours to make a com- 
plete cocoon, and some adults are known to have needed over a day 
to effect their escape from the same, hence the pupa stage involves 
six to eight days, according to local data. 


ESCAPE FROM THE COCOON, 


The mature parasite escapes from the pointed or cephalic end 
the case. The chief means of effecting an exit are the mandibles, 
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elongate rectangular in form, and each bearing a terminal tooth, and 
another post-terminal on the median margin. Its antenne lie parallel 
with each other on the back, the face is inserted into the concavity 
at this end of the cocoon, and the legs, braced against the inner surfaces, 
serve to hold the body forward. Assuming this position, the parasite 
applies its cutting mandibles to the solid inner layer of silk composed 
of numerous mica-like lamine. By alternately separating the mandibles 
and bringing them together on the wall of its prison these plates are 
gradually cut off at one place until the mandibles penetrate to the 
outside of the cocoon. By repeatedly exserting them and drawing 
them in knife-like, first the median tooth, then the terminal one is 
pulled across the obstruction at the edge of the aperture. The neck 
of the parasite enables it to turn its mandibles to all points in the 
circular incision it needs to make to escape, except to a point directly 
over its head. The latter sometimes remains unsevered and becomes 
a hinge attaching the cap to the rest of the cocoon. However, this 
end of the case is not uncommonly entirely cut off, which implies that 
the parasite shifts to its side or back in order to perform this act. This 
was furthermore observed when a parasite, in the act of cutting out, 
was subjected to favorable light and magnification, and deliberately 
turned over sidewise from time to time. It seemed to make little 
difference whether it worked dorsum up or down or upon its side. In 
fact, leverage was obtained by pushing against the inner wall with 
its legs, and with its head against the cap end, so that the body did 
not seem to rest down fully upon any side, being partially suspended 
in the lumen of the cocoon. 

The process of cutting out is continued almost without cessation 
for hours, the intervals of rest usually being only a few seconds. The 
labor is so protracted and energetic that one marvels at the endurance 
of the insect. While observing one specimen almost continuously 
for three and a half hours it punctured the wall and enlarged the in- 
cision but had not yet done more than one-fifth of the necessary work 
to effect its exit. It was left at 9:30 P. M., and in a total of fifteen 
and three-quarters hours had completed only one-half of its task. It 
may have ceased work in the dark, but the lumen is normally not well 
lighted. At the end of that period the intervals of rest were of longer 
duration, seeming to indicate fatigue. At this rate, the act of escape 
could not be accomplished in less than two days. This cocoon was 
dry, and as compared with those in nature that are moistened nightly 
by dew or saturated by an occasional shower, was probably tough and 
resistant to cutting. However, getting out is no mean task, which 
with the twenty-seven hours required to construct the cocoon, con- 
sumes almost three days of the life of the parasite, a heavy price, not 
uncommonly paid with complete futility, to the instinct of cocoon 
building. 


DESCRIPTION OF THE ADULT. 
As a result of Cushman’s conclusions on the identity of this parasite 
it happens that we have three original descriptions of D. coccinelle in 
American entomological literature. The earliest is by Cresson (5) 








486 Annals Entomological Society of America [Vol. XIX, 


and is therefore reproduced in full below. The others are by Riley (16) 
and Weed and Hart (9), the latter also giving our only description of 
the male which they claim to have reared from a cocoon under ‘‘ Megilla 
maculata,” 

‘Female black; head shining, pale yellow-ferruginous; spot en- 
closing ocelli, and occiput black; palpi fuscous; antenne long, slender, 
entirely black; mesothorax finely punctured, somewhat shining; scu- 
tellum, metathorax and first abdominal segment densely rugose, opaque; 
metathorax broad, abruptly truncate behind; tegule rufo-piceous; 
wings faintly dusky, nervures and stigma fuscous, the latter broad; 
legs dull ferruginous, coxe black, four posterior trochanters, femora 
at base, and more or less of their tibia and tarsi blackish; abdomen 
beyond first segment sub-ovate, flattened, smooth and polished; first 
segment broadly dilated at tip; ovipositor pale, nearly as long as ab- 
domen, sheaths black and thickened at tips. Length, .15 inch. Habi- 
tat, Illinois, one specimen.”’ 


LIFE TIME OF THE ADULT. 


All the adults reared during the season of 1925 failed to live longer 
than four or five days. They were kept in small vials when at rest or 
in large chimneys when given access to beetles, and fed drops of diluted 
honey which they ate readily. When caged with ladybeetles, they 
were intensely active a good part of the time, which was obviously 
energy-exhausting work and probably contributed materially toward 
the reduction of their life time. Ratzeburg (4) indicates that one 
individual lived only about three days. The life of the adult, however, 
is apparently distinctly longer than five days, for Oglobin reports that 
his parasites lived about twenty days in captivity, the exact conditions 
not being described. The writer kept one individual almost altogether 
in darkness and fed with honey for eighteen days, September 12 to 30, 
1925, which shows that the short lifetime of the others above was 
probably the result of close confinement in daylight. Under these 
latter conditions, the parasite makes constant and futile efforts to escape, 
tiring itself greatly in so doing. The low moisture content of the 
laboratory atmosphere was doubtlessly another factor contributing to 
their early death. 


PARTHENOGENESIS. 


In general, the articles published by various workers with Dino- 
campus coccinelle indicate or state that only the female sex was taken. 
Ratzeburg (4) observed a female attack a Coccinella 7-punctata, but 
concluded that since the parasite ‘‘was not impregnated”’ he ‘‘could not 
expect to get any progeny.”’ Riley (4) states that ‘““The adult insect 
was bred in some numbers * * Only females, however, were reared.” 
In Russia, Oglobin (15) did not find a single male during two years. 
In 1912 his females laid unfecundated eggs and these yielded only 
females. Nees (17) reports having obtained one male in 1834. Weed 
and Hart (9), referring to the statement quoted above from Riley, 
state that “the had obtained only female specimens, * * while both 
sexes are represented in the Laboratory (Illinois State Laboratory of 
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Natural History) collection,’ and descriptions of both sexes, from 
three females and one male, are given. 

In the present studies, the adult parasite was obtained in the spring, 
summer and fall seasons of 1925 and a few in 1924. Altogether not 
less than sixty individuals came to the writer’s attention and without 
exception all were females. It is not possible to verify or disprove 
the accuracy of Nees’ determination of the male he reported. In the 
instance of the single male described by Weed and Hart we are more 
fortunate. These writers state in their paper that one male specimen 
occurs in the collection of the Illinois State Laboratory of Natural 
History. Their paper was published in 1889, and in it refer to one 
specimen, collected in 1884. The name they applied to the parasite 
was the synonym Centistes americana, the provisional name suggested 
by Riley (4), and published only once thereafter, by Weed and Hart. 
In consultation with Doctor T. H. Frison, systematist of the Illinois 
State Laboratory of Natural History insect collection, a headless 
specimen was found bearing a label with the name Centistes americana, 
the male sign, and the date 1884, in Hart’s handwriting. The specimen 
agrees with the description which Weed and Hart published. The 
evidence, therefore, indicates that this is the male which Weed and 
Hart had. It was sent to Mr. R. A. Cushman, of the U. S. Bureau 
of Entomology, who found it not to be a male of Dinocampus coccinelle 
(Centistes americana) “‘but apparently Euphorus mellipes Cresson.” 
Riley (16) cast doubt upon the correctness of the determination by 
Weed and Hart, saying it seemed they may have had another species. 

From the above circumstances it rather appears that Weed and 
Hart were mistaken in their male, even though they state that it was 
reared along with three females on which their descriptions were based. 
The writer recognizes that some species of ichneumonoid parasites 
produce chiefly females, and that males sometimes occur. However, 
D. coccinelle seems to be one species in which the males do not appear, 
or if so, very rarely. Beetles in which the unfertilized females ovi- 
posited in cages gave rise to other females in four instances. In a few 
other cases, the hosts were dissected and found to contain a goodly 
number of embryos in an advanced state of growth and some newly 
hatched larve. It is thereby conclusively shown that coition is not 
essential to reproduction and that the species reproduces at least for 
most part parthenogenetically. 

Further evidence tending to demonstrate that the species is strictly 
parthenogenetic is furnished by the kindness of Mr. A. B. Gahan, of 
the U. S. Bureau of Entomology, who states that of the hundreds of 
specimens in the collection of the Bureau from many sources all are 
females. 


HIBERNATION, 


Hundreds of adult Ceratomegilla fuscilabris were gathered from their 
typical winter quarters under foliage beneath shrubs and trees on 
March 14 and 17, and April 13, 1925. Even on the latter date, the 
beetles had scarcely moved from their places of shelter, although at 
that time they seem to have been active for brief periods on the warmer 
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days preceding. These beetles were preserved in alcohol and later 
dissected. The rate of parasitism was generally high, which made it 
possible to establish the fact that on the dates above, all the parasites 
were in the larval stage in various grades of development within the 
first instar. No recognizable increase in size was made from March 17 
to April 13, hence it is safe to assume that no growth took place previous 
to March 17 as far back as the cessation of the activities of the beetles 
in late autumn. The winter is therefore spent in the first larval instar, 
or possibly as eggs in a few cases, within the host, at Urbana. The 
exact places of the parasites in the beetle are no different than at other 
seasons, but the hosts, being conditioned for cold weather, contain 
relatively larger amounts of fat especially in the dorsal portion of the 
abdominal cavity. In this wealth of fatty tissue the parasitic larve 
lie embedded and effectively insulated against injurious low tempera- 
tures. Their own bodies likewise contain a larger amount of oil and 
fat than usual, which serves to save them further from the effects of 
the frigid season. 
GENERATIONS IN A YEAR, 

A few cocoons formed by larve that had hibernated in the first 
instar were found on April 24, 1925, in the woods, and had become 
common there by May 9. The adult insects emerged from this lot 
of cases from May 5 to June 9. The second largest number of the 
season came from cocoons from various sources about Urbana from the 
24th to the 28th of June. These later comers probably represent the 
second generation of adults. Most of these developed in the Cerato- 
megilla fuscilabris beetles that did not harbor hibernating larve, but 
other common species also contributed a good percentage. During 
the singularly dry months of July and August, 1925, parasites were 
difficult to get, perhaps on account of the scarcity of beetles incident 
to meager food supply. From September 4 to 8, six adults were reared 
from the common spotted ladybeetle at West Lafayette, Ohio, in the 
latitude of Urbana. Cocoons were not found after that date in Illinois, 
which may mean that most parsites were in the wintering larva stage. 
However, a few were dissected out that were in the advanced instars, 
indicating that some adults develop as late as September 20, and prob- 
ably infest beetles thereafter, possibly as late as October 1. These 
eggs would presumably hatch about the first or second week of October, 
and the larve hibernate in that state. 

The limits of development as known now are therefore April 24 to 
approximately September 20. Each generation requires about four 
weeks in the most favorable weather. Hence, it is possible that four 
or five generations occur in the five months between these known ex- 
treme dates. Oglobin (15) made a similar estimate for St. Petersburg, 
Russia. 

SUMMARY OF THE LIFE HISTORY AND HABITS. 


Adults of Dinocampus coccinelle have been found attacking lady 
beetles of our common species from May to September. The ovipositor 
is thrust through the exoskeleton, usually of the abdomen, of the pros- 
pective host, and one or more eggs placed in the body cavity just inside 
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the body wall. The embryonic stages are known to be passed in six 
to seven days, at the termination of which there hatches a square- 
headed and tail-bearing larva. The larval stage probably comprises 
four instars. The mature state of the larva is reached in fifteen to 
twenty days after hatching. 

When mature, the larva emerges through a rift in the dorsum of 
the abdomen, and promptly spins a cocoon under the host, which is 
completed in about twenty-seven hours. Transformation to adult 
requires approximately six days, and in somewhat more than a day 
the fully matured imago succeeds in chewing off the cap of the cocoon 
in order to emerge. Only females of the species were found. The 
adult parasite lives four days to two weeks. In this time the un- 
fertilized females parasitize an unknown number of various species 
of common ladybeetles, the ovary contents indicating a potentiality 
for infesting perhaps several hundred individuals. 

The life cycle is passed in approximately four weeks. Because 
mating is not necessary, and feeding is not absolutely prerequisite 
to oviposition, there is no delay in reproduction. It is believed, there- 
fore, that from April to October, four and possibly five generations 
of the parasite develop annually in the latitude of Urbana, Illinois. 


EFFECT OF PARASITISM ON THE HOST. 

Parasitism of ladybeetles by D. coccinella gives evidence of itself 
both before and after the maturity and emergence of the larva. In 
only one instance out of numerous parasitized beetles examined did 
infested female ladybirds contain ovaries in a state of development. 
The parasite concerned was small and would probably soon have robbed 
its host of that store of excess energy out of which the eggs are formed. 
When larve occur in advanced gravid females they naturally disrupt 
the ovaries because the dorsal cavity of the abdomen normally occupied 
by the parasite is then filled with eggs. 

At least some cases of superparasitism resulted in the death of the 
host a few days after the larve hatched. In the first place the vital 
fluids were probably absorbed by the eight to thirty eggs during their 
incubation, and the vitality of the host was further reduced by the 
feeding of a number of larvee, not to mention the result of the irritation 
caused by them. In another instance, an individual of Coccinella 
sanguinea was found dead and infested with a second instar parasite. 
The premature death in this case is probably to be attributed to the 
severe drain of the parasite on a beetle of such small size. Some indi- 
viduals of this species are known to have reared the larva, while others 
fail todo so. This instance seems to show conclusively that Psyllobora 
and Brachyacantha species and other ladybirds smaller than C. sangui- 
nea are incapable of sustaining a parasite larva until it is ready to 
emerge, if indeed, they are ever parasitized at all. 

The consequence of parasitism after the parasite has left its host 
ranges from death soon after emergence to complete recovery. Timber- 
lake (8) describes instances in which a few individuals of Hippodamia 
convergens and Olla abdominalis not only survived their parasites, 
but recovered, resumed feeding, and were subsequently reparasitized, 
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one individual giving issue to a second mature larva. ‘‘The beetles 
of Olla abdominalis in five out of nine cases were observed fully recovered 
within a few days after the larva of the parasite had made its escape. 
Such beetles failed to become palsied and wandered away from the 
cocoon, even before the construction of the latter was fairly under way. 
It is only the exceptionally vigorous beetles which recover.’’ On the 
other extreme, according to the writer’s records and others from the 
literature, the beetles frequently live only two to five days after the 
emergence of the larva, although Folsom (10) states that ‘‘The beetle 
(Ceratomegilla fuscilabris) may remain alive two weeks and doubtless 
a little longer.”” Death within a week is probably the fate of most of 
our averaged sized ladybeetles. 

The parasitized beetles seem to move about normally until a few 
hours before emergence. Definite observations on this matter can 
scarcely be made due to the difficulty attending the recognition of in- 
fested beetles. The abdomen is generally greatly distended, but a 
closely similar state exists incident to the ingestion of an excess quantity 
of food or to an advanced condition of gravidity in some females. A 
few beetles harboring large larvee were seen crawling about of their 
own accord, and when stimulated, even one hour before the parasite 
issued. Oglobin stated also that the presence of the parasite inside 
Cocinella 7-punctata cannot be discovered from its appearance. This 
writer observed that the insects act and feed like normal ones, gradually 
losing the power of motion before the exit of the parasites. In the 
case of Adonia variegata, a smaller species, he continues that the pres- 
ence of the parasite is visible in the last stages of its development, as 
the abdomen of the host becomes swollen, though without affecting 
its activity. 

From the time the parasite begins to break through the dorsum of 
the host, the latter does not travel, but its appendages shake nervously. 
This reaction continues while the larva emerges, and after it has come 
out is prolonged as long as the beetle lives. The entire body trembles 
intermittently, and more constantly the antenne, palpi, and legs 
twitch quickly. When prodded with a needle, when the support 
was jolted, or the beetle otherwise stimulated, it quavered still more, 
drawing its legs toward the body and turning the antennz under the 
head. The host is therefore made extremely irritable. 

Beetles, even of the same age, when disentangled from the cocoons 
for observation, exhibited some differences in their ability to travel. 
This, in general, seemed to be correlated with size and temperament, 
the larger species seeming to be less seriously affected, while the nervous- 
ly dispositioned C. fuscilabris sometimes ran away several inches. 
Complete recovery was not observed, but in a few instances beetles 
in nature had deserted the cocoons, hence their fate was not known, 
although their absence indicated a fair degree of vitality subsequent 
to emergence of the larva. But in the usual instances the host is 
found in connection with the cocoon because emergence leaves the beetle 
in a seriously paralysed state. In this condition the legs can only be 
drawn toward the middle of the body and the extensor muscles are 
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obviously affected. A slight amount of forward action of the legs is 
possible, some liberated beetles traveling awkwardly and tilting up 
on the end of their straightened and stiffened tarsi and legs. Conse- 
quently the beetle clutches firmly to large objects that are placed, or 
normally occur, between its legs. Inasmuch as the parasite constructs 
its cocoon beneath the host, this clutching ability only serves to make 
certain the permanent detention of the beetle, because every struggle 
serves to enslave it the more fatally. Hence, even though the beetles 
may sometimes have the necessary reserve power to feed and possibly 
recover, they usually can not become free to do so, and starvation 
is perhaps one cause of their death. 


PERCENTAGE OF BEETLES PARASITIZED, 


In 1924, only thirty-six miscellaneous ladybeetles were studied. 
This was done from June 26 to August 24. Eight of these were parasit- 
ized. In 1925, sixteen hundred and fifty beetles of eight species of 
ladybeetles were collected and dissected to determine the rate of in- 
festation. These records are tabulated by species below. In addition 
to these, several hundred beetles were used in cage work, making the 
total number examined approximately two thousand. The normal 
rate of parasitism of the latter is for most part not known because 
they were exposed to the parasites in cages, which raised the percentage 
above normal. However, fifty-six parasites were reared chiefly from 
Ceratomegilla fuscilabris and for most part between May 5 and 30. 
In the cage work it was demonstrated that Adalia bipunctata is also 
subject to oviposition by the parasite, but only the immature larve were 
obtained from this species. 

The data applies to Urbana, Illinois, except where stated otherwise. 
The average percentage given at the foot of each table is based on the 
total number of beetles found parasitized during the year, and does not 
apply to the average percentages for each of the several lots of beetles 
examined. 

One hundred ninety-eight of the sixteen hundred sixty-one beetles 
dissected contained one or more parasites. This gives an average 
parasitism of all species concerned of 11.92 percent for the year. Four 
beetles harbored more than one larva each,—two having two each, 
the third had three, and the fourth four larve. The total number of 
parasites found in the hundred ninety-eight beetles taken from nature 
directly was therefore two hundred five, or an average parasitism of 
1.035 larvee per infested beetle. 

Two facts should be considered here as affecting the percentage. 
First, the parasite was always found in the larval stage, with exception 
of one instance in which an egg was discovered. Due to the small 
size of the eggs, this stage was doubtlessly overlooked in a good number 
of instances. Usually only the larva was sought in dissecting beetles 
direct from nature. Hence, the percentage of parasitism was actually 
higher than the presence of larve indicated. The other fact is that the 
Mexican bean beetle was included in determining the rate of infesta- 
tion. This species does not occur in Illinois (March, 1926), and has 
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never been found infested by this parasite, whereas all other lady- 
beetles tabulated are known hosts in this state. Hence the degree 
of parasitism is higher than stated above. The annual rate for Urbana 
in 1925, for all species from which the parasite has been taken, is there- 
fore estimated to be near fifteen percent. 

In the majority of infested beetles, the parasite was found to be in 
the first instar. In asmuch as only living beetles were collected, the 
predominance of this instar may perhaps signify that the beetles bear- 


TABLE I, 
Ceratomegilla fuscilabris (Megilla maculata). 





When Number | Number Percent Instars of 
Collected Sources Dis- Para- Parasitized the Parasite 
sected sitized 





3-14 Wintering..... 100 11 11.0 | All first instar. 


3-17 | Wintering..... 200 37 13.5 | All first instar. 
4-13 | Wintering..... 100 11 11.0 | All first instar. 
4-19 Dandelions.... 51 19 36.0 | 18 first instar; 


1 second instar. 
4-24 Active near 


winter site.. 104 26 23.0 | 1 first instar; 
25 larger. 
5-13 to 
6-30 | Various....... 17 8 47.04! 3 first instar; rest 
emerged full- 
grown in cages. 
WU otitis whic es None in |the usual] places. 
8-4 Sewage Dis- 
posal Plant.. 84 1 1.2 | Almost mature. 
9-4, 9-5 | Corn; West 
Lafayette,O. 138 7 5.06) 1 egg; 2 first 


instar; 1 second, 
and 3 larger. 
9-5 Corn; West 
Lafayette,O. 211 2 0.94) 1 first instar; 
lalmostmature. 


oe re 7 0 dis cadicescemaei 
9-19 Sewage Dis- 
posal Plant.. 73 1 1.36} 1 first instar. 





OREIE, < iss 1,085 123 Average 11.33 








ing larger larve or several smaller ones are more retiring in their activi- 
ties or also that some of them are prematurely killed as a result of the 
levy the enemy makes on their energy resources. Furthermore, the 
majority of beetles found infested contained but one larva. Especially 
among the smaller species, the presence of two or more parasites even 
in an early state of larval growth may cause an untimely death. These 
suggested explanations for the dominance of first instar larve found 
are in some measure supported by observations upon caged specimens. 
These considerations tend furthermore to indicate that the above 
estimated rate of parasitism is below that which may actually occur. 
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SEASONAL AND LOCAL DISTRIBUTION OF THE BEETLES AND THE PER- 
CENTAGE OF PARASITISM. 


Table I shows that the percentage of parasitism of the common 
spotted ladybeetle is not uniform throughout the year and in speci- 
mens obtained from various local and interstate situations. Fifty- 
one beetles that hibernated along a fence in town were thirty-six per- 
cent parasitized as compared with a percentage of about twelve per- 








TABLE II. 
Hippodamia convergens. 
When Number | Number Percent Instars of 
Collected Sources Dis- Para- Parasitized the Parasite 
sected | sitized 
6-16 | Clover........ 15 (not 2 13.30 | Adults reared. 
dis- 
sected) 
6-18 ee 1 0 COGN aa cc auciecceess 
6-23 Vacant lots... 9 2 22.00 | First instar. 
6-23 Alfalfa field... 10 1 10.00 | First instar. 
6-30 Variows....06. 12 3 25.00 | First instar. 
7-2 Plantain...... 2 0 On i ogaids ia cbs ees 
wee. Pave peocevenesa 3 1 33.33 | 4 first instar. 
7-23 A 7 1 14.30 | First instar. 
8-4 General 
sweeping.... 3 2 66.66 | 3 first instar in 
one beetle; one 
mature. 
8-13 | Clover and 
alfalfa...... 4 0 WU EN coca conn mtace ns 
9-5 Corn; West 
Lafayette,O. 4 0 CR GR ec estccecsbidanes 
9-16,9-17| Corn.......... 81 + 3.24 | 3 first instar; one 
beetle with a 
first and afourth 
instar. 
9-28 Clover and 
re 15 0 Ns dAcukacdadeanees 
‘FOtew..<:. 166 16 Average 9.63 





cent for four hundred beetles from winter quarters in a woods margin. 
Again, only one of eighty-four beetles from an isolated situation—the 
Champaign-Urbana sewage disposal plant, was infested on August 4, 
and the same rate held in seventy-three beetles from the same source 
on September 19. During July in miscellaneous situations this beetle 
species was rare. On September 16, it was scarce as compared with 
other Coccinellidz, and seven specimens yielded no parasites. Earlier 
in September, three hundred forty-nine individuals collected at West 
Lafayette, Ohio, also contained parasites at a low rate, or 2.5 percent. 
The species of ladybeetle present in largest numbers during June, 
July and August was Hippodamia parenthesis, taken usually on legumes 
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chiefly red clover and alfalfa. Three lots collected in these months 
totaled two hundred sixty-two, with an infestation of 10.3 percent. 

These records and similar ones for other species, indicate a slump 
in the population of Ceratomegilla fuscilabris during the hot dry season 
in July, with the result that the rate of parasitism in this species is so 
reduced that it does not again reach the maximum point until Septem- 
ber and October. On the other hand, H. parenthesis, aided by H. 
convergens and Coccinella sanguinea, carried the parasite over the sum- 
mer when the preferred host, C. fuscilabris, was not very common. 























TABLE III. 
Hippodamia parenthesis. 
When | | Number | Nemiber | Percent Instars of 
Collected Sources | Dis- Para- Parasitized | the Parasite 
sected sitized | 
6-16 | Clover........ 18 | 3 | 16.60 | Reared 
(not dis- | 
sected) 
6-18 COVER. ccs aes 6 3 si 50.00 | First instar. 
6-23 Vacant lots... 2 eo. | eee in 
6-23 Rs ccs cses 62 4 6.44 | 3 first instar; one 
mature. 
6-30 | Various....... 16 4 | 25.00 | First instar. 
7-6 Buck plantain. | 5 a ED Suh acbsanckc eeu 
7-28 Alfalfa and 
red clover.. 106 a 11.66 | First instar. 
8-4 General 
sweeping.... 1 0 | CA siratkavhsex¥ekees 
8-13 | Alfalfa and 
red clover.. 94 uf 11.70 | First instar. 
9-5 | Corn; West 
Lafayette,O. 3 2 66.66 | First instar. 
9-28 AlfaMA....6.5. 18 0 | MUN alas g:adha keane eens 
| } - 
Totals..... 331 39 | Average 11.78 
| 











It seems, therefore, that the rate of parasitism of ladybeetles differs 
during a year due to several factors. First, the life cycles of the Cocci- 
nellidze are not all parallel in time of appearance, thus insuring a con- 
tinuous supply of prospects for the parasite in all months and seasons 
of the year. Second, the several species of ladybeetles appear to ex- 
hibit a preference for certain types of habitats, resulting in a local 
distribution that may not always be most favorable to the propaga- 
tion of the parasite to the same degree in each species. Associated 
with the seasonal and local distribution of the beetles is ‘the rise and 
decrease of their numbers. C. fuscilabris dominated in the spring 
and fall, whereas H. parenthesis exceeded all species numerically in 
the summer months. The fact that the latter was present in open 
fields and the former in woodland, implies a considerable hazard to 
the parasite in getting from one situation, in which the ladybeetles 
have become decimated, to another more or less distant and harboring 
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a relatively larger number of ladybeetles. The weather appears also 
to have been operative although indirectly in determining the rate of 
infestation. The very dry summer of 1925 affected the succulency 
of vegetation, which in turn limited the supply of aphids, particularly 
Macrosiphum pisi. In latter August and in September the growth 
of plants was much stimulated by rains, the small, soft-bodied bugs 
feeding on legumes increased greatly in numbers, and the added food 
supply soon made itself felt in the larger numbers of ladybeetles, with 
the probable final outcome that the parasite became more plentiful. 


TABLE IV. 


Coccinella sanguinea. 














When Number |} Number Percent Instars of 
Collected Sources Dis- Para- Parasitized the Parasite 
sected sitized 
6-16 | Clover........ 9 3 33.33 | Reared. 
(not dis- 
sected) 
6-20 PO cans Bs caicw uns 1 100.00 | Taken as cocoon. 
6-23 Vacant lots... 1 0 ME wcncskeucadeawe ns 
6-23 | Alfalfa........ 5 0 GUUS cdavcincecuence xe 
6-30 Various....... 5 1 20.00 | One first and one 
second instar. 
7-2 Plantain...... 7 3 43.00 | First instar. 
8-4 Sewage dis- 
posal Plant.. 4 0 MOY <auceidsccceerves 
9-5 Corn; West 
Lafayette,O. 4 1 25.00 | Large larva. 
Cole 1 Gee csicvccs 3 0 | a re 
9-28 | Alfalfa........ 1 0 WGN T cicucksasteneee a 
Totals..... 39 9 Average 23.07 


These are presumably the chief agencies that affected the varying 
rate of parasitism in 1925 at Urbana, Illinois, and perhaps operate in 
a similar manner in other years and places. 


FACTORS AFFECTING HOST SELECTION. 


While the percentage of ladybeetles found parasitized at different 
dates during the seasons is dependent on their relative abundance and 
locations, these factors do not account for all the disparities in the 
proportionate numbers infested. These differences seem also to be 
in part inherent in the structure and behavior of the several species 
of ladybeetles themselves. In other words such differences are in 
part attributable to what may be appropriately termed the personality 
of these beetle species. Although the writer is not ready to single out 
the specific properties operative in this preferred selection, some that 
may be significant here are: size, the small Psyllobora and Brachya- 
cantha being unknown as hosts; structure, particularly the extent to 
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which the body is shielded by the elytra; the degree of conspicuousness 
of the colors, this determining in part the distance at which the beetle 
may be sighted; the irritability of the species, which affects its response 
to the thrusts of the parasite; speed in travel, a rapid runner being 
more readily discerned by its enemy than a similarly colored species 
of slower gait; perhaps the intensity of the odors peculiar to the lady- 
beetles; and its tropisms, notably whether it feeds chiefly in exposed 
places or under cover. 























TABLE V. 
Other Species. 
Name of Date beetles} Number | Number Percent Instars of the 
Beetle were | Dis- Para- Parasitized Parasite 
Collected | sected | sitized Represented 
Coccinella | 
9-notata...... 6-16 6 0 i keene ey way 
6-23 2 0 PE ak sw sweeten 
7-16 2 0 SN ne 5k Cokes awed 
Adalia 
bipunctata.... 6-16 7 | 0 ME we vepatewencns 
6-30 2 | 0 EE Cicies oer bowie 
7-2 | 1 0 Ek. af, EERO Tee 
9-5 1 | oO EE rakeieniunsvns 
9-16 M- 4 0 Gi Secaeecteuins 
Hippodamia 
13-punctata... 6-30 a | 0 Ps pia kadecenscs 
7-23 2 1 50.00 | Four first 
instar. 
7-28 1 0 RE hviewescuadcdces 
Epilachna 
corrupta...... 9-9 14 | 0 Seb iNewseeeenears . 
(Taken at West i— 
Lafayette, O.) Totals. . | 40 1 Average 4.00 








ECONOMIC IMPORTANCE OF THE PARASITE. 


As far as known, D. coccinelle does not attack our species of phyto- 
phagous ladybeetles, Epilachna corrupta and E. borealis. Inasmuch 
as its hosts are most of the common carnivorous species, it is injurious 
from the human standpoint. Ladybeetles, together with Chrysopa 
and A phidius, are the primary enemies of aphids, and their most timely 
aid is given in the spring months. At this time the parasite of the 
ladybeetles seems to prevail in largest numbers and therefore reduces 
the extent of their usefulness when it is most needed. The scarcity 
of C. fuscilabris during July, 1925, may be in part explained by the 
reduction of their numbers by two generations of the parasite that 
developed through May and June. The other species of ladybeetles 
were in all probability decimated to somewhat the same extent in the 
same season. Expressed in a positive manner, the efficiency of the 
ladybeetles, on the basis of the records for 1925, at Urbana, Illinois, 
would be greater by at least one-eighth than it now is if the untoward 
influence of the parsite could be removed. 
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NATURAL ENEMIES OF THE PARASITE. 


When the fullgrown larve emerge from their hosts in cages con- 
taining a number of ladybeetles, they are sometimes destroyed by the 
other beetles. Some such larvz were represented by merely a few 
tangled strands of silk, while others which had formed a larger part of 
their cocoons were killed by having some of their bodies torn away. 
Presumably such fatalities are much less common in nature where 
the beetles are less apt to occur in numbers within a very limited space. 
The beetles appear to have an innate hatred for the parasite which is 
sometimes demonstrated by the coccinellids pursuing the adult para- 
site in a vicious manner. 

On April 28, 1925, several cocoons of D. coccinelle in connection 
with C. fuscilabris were taken from the trunks of apple trees. One of 
these yielded five minute chalcids on May 12, and from another the 
same number of this chalcid emerged on May 13. Through the cour- 
tesy of the Bureau of Entomology, these insects were determined as 
Dibrachys boucheanus Ratzeburg. In as much as D. coccinelle winters 
in its host, its parasite passed through all its life stages probably in 
April and May. An emergence hole was made on the side of each 
host cocoon. In one instance it was near the head end, in the other 
midway between the ends. The secondary parasites were permitted 
to live several days, during which time they took water and honey, 
but were not observed to copulate. When admitted to the presence of 
a newly emerged D. coccinelle larva, some of them paused on the larva 
but did not oviposit. Even after confining them in this way a whole 
day no progeny resulted. They exhibited a marked tendency to crawl 
into small holes in the cork stopper of their cage, during the night, 
and seemed to sleep so soundly that only a succession of sharp jolts 
in artificial light could bring them out again. 

Failure to get Dibrachys boucheanus on other occasions during the 
year rather indicates that it was not a very strong factor in reducing 
the number of Dinocampus coccinelle in 1925. However, its many 
other hosts would seem to assure its perpetuation in good numbers 
at all times of the season and in most situations. Doctor L. O. Howard 
(18), in giving a general report on the species in 1897, indicated it to be 
a ‘“‘widespread and very abundant hyperparasite” in Europe, and was 
then also known from this country. Up to the present time it has 
been recorded from Asia, and in North America from such far separated 
places as Ontario, Canada; Connecticut, West Virginia, Missouri 
and Oregon, but from many other places also. Its hosts are a long 
series of primary hymenopterous parasites, notably of the common bag- 
worm (Thyridopteryx ephemeraeformis), the tent caterpillar (Clisio- 
campa americana), the tussock moth (Hemerocampa leucostigma), 
the fall webworm (Hyphantria cunea), the brown-tailed moth (Euproc- 
tis chrysorrhoea), the gipsy moth (Porthetria dispar), the oriental 
peach moth (Lespyrezia molesta), the codling moth (Carpocapsa pomo- 
nella), and the alfalfa weevil (Phytonomus posticus). It is generally 
conceded to be a very potent force in checking the beneficial work of 
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usually Ichneumonoid parasites, but in its attack upon Dinocampus 
coccinelle it becomes a benefactor. No previous record of D. bouche- 
eanus as a parasite of D. coccinelle seems to have been made. 

D. boucheanus has been mentioned in past writings under several 
synonyms. Those encountered in reviewing the literature in the 
present connection are Pteromalus boucheanus Ratze, (19), P. gelechia 
Webster (20), and Cleonymus clisiocampe Fitch (18). Webster (21) 
reared it from the Angoumois Grain-moth (Sitotroga .cerealella), and 
mistakenly regarded it as a new species. 
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POSS Sr Ser S 


List OF Ficures oF D. coccinelle IN THE LITERATURE 


Riley, C. V. (4), Fig. 14, Megilla maculata, beetle astride the cocoon of its para- 
site. Fig. 15, Centistes americana, imago enlarged, wings spread. 

Cushman, R. A. (6), One figure. Shows the mature parasite larva in the process 
of ne from the host (Ceratomegilla fuscilabris). 

Oglobin, A. A. (15), Fig. 1, Embryo of D. terminatus in its natural position within 
the egg. Fig. 2 Adonia variegata, its abdomen much distended caudad due 
to parasitism. hig. 3, first instar larva, dorsal view. Fig. 4, head of the 
first instar larva, enlarged, ventral view, showing mouthparts in detail. Fig. 5, 
second instar larva enlarged, lateral view. Fig. 6, advanced instar larva, 
enlarged, lateral view. Fig. 7, face view of last instar larva, showing mouth- 
parts in detail. 

Tullgren, Albert (12), p. 96, Coccinella 7-punctata, caught in the cocoon strands 
of Perilitus terminatus. 








THE GENUS CHLOROTETTIX—A STUDY OF THE 
INTERNAL MALE GENITALIA. INCLUDING THE 
DESCRIPTION OF A NEW SPECIES.* 


D. M. DELONG and Oscar L. CARTWRIGHT 
Ohio State University 


The species of Chlorotettix with the exception of size are 
very similar in appearance. As a rule the color is a uniform 
green or yellow and although somewhat variable within the 
species, there are very few color markings throughout the 
group to distinguish these forms. The only possible basis 
for distinguishing them has been by means of external genital 
characters such as the last ventral segment of the female and 
the plates of the male. Certain workers have expressed doubt 
regarding the specificity of these external characters preferring 
to believe that in many cases these were variations in the 
genital segment. This study of the internal structures of the 
male was undertaken largely to determine if possible, to what 
extent the external characters could be used as specific char- 
acters and in an attempt to correlate external structures with 
internal. In some cases the internal structures are even ex- 
posed beyond the external and can thus be used easily in sys- 
tematic work. 

Another angle of this problem might also be mentioned 
which has stimulated interest in an examination of internal 
structures. Ecological studies have brought to light specimens 
in the field collected in different habitats and belonging to 
different species which resemble each other so closely morpho- 
logically and in general appearance that they were previously 
classed as a single species. The internal structures have been 
used to separate these and the examination made as a result 
of field studies. In studying these species of Chlorotettix both 
internal and external structures have been found to vary 
with the species. Special study has been made of the oedagus 
and styles as internal structures and the valve, plates, and 
pygofers as external structures. There is a great diversity 


* Contribution from the Department of Zoology and Entomology, Ohio State 
University No. 90 
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in the structure of the internal genitalia of the males through- 
out the group. This is so marked that in some cases it would 
seem that certain species might not even belong to the same 
genus because of the decided differences exhibited in these 
structures. 

The styles probably show the least variation when internal 
structures are considered, although a comparison of these in 
the accompanying plate (XX XVIII), will show specific differ- 
ences. In general contour they vary from a triangular type 
like Jusorius and necopinus to the much elongated type repre- 
sented by vacunus and limosus. The articulation with the 
connectives may appear short or prolonged. The apex of 
the style shows variation both in direction, curvature, and 
relative length of the terminal process when present (Plate 
XXXIX.) In general the species are somewhat similar while 
certain species can be grouped together because of styles which 
resemble each other very closely. Viridius with its wide 
blunt apex, necopinus tapering suddenly to a point, and diver- 
gens curving back upon itself are exceptional variations and 
unique types in the genus in respect to the styles. In a side 
view of the styles as seen in plate XX XIX, the lateral dorsal 
folding of the styles is quite pronounced in several species while 
in others it is entirely lacking. More variation occurs in the 
oedagus than in the styles (Plate XXXVIII.) The greatest 
variation in this structure is found in the width of the body 
of the oedagus, in the width and length of the terminal portion, 
and in the number and type of the apical processes. 

The body of the oedagus may taper from anterior to pos- 
terior ends or visa versa, while in some cases it may attain its 
greatest width at the middle. On the other hand such species 
as spatulatus show a splitting of the greater part of the oedagus 
into long terminal processes which may be two or four in num- 
ber, short or long, or which may diverge at definite but varying 
angles according to the species. In lateral view the anterior 
dorsal process is present in most species, but is lacking in 
vacunus. This process may extend anteriorly or posteriorly 
and seems to be a part of the main body of the oedagus in most 
cases. In lateral view there is also great variation among the 
species in regard to comparative width in the anterior, central, 
and posterior portions. 
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Considering external characters, the valve may be short 
or long and the posterior margin may be rounded or triangularly 
produced. The male plates vary decidedly in length and may 
be short and broad, or long and narrow. The outer margins 
may taper gradually to the tips or may be convexly or con- 
cavely rounded. The apices may be broadly rounded or 
sharply pointed and proximal or divergent. 

Other external characters, the structures on the pygofers 
of the male have not previously been used to any extent in 
work with Cicadellide. There are constant specific variations 
in most of the species examined. With few exceptions one or 
more spines are present on the ventral posterior margin of the 
pygofer. The angle in which it is directed or the degree of 
curvature is distinctive in each specific case. In a few species 
the spines are dorsally situated and the pygofers divided into 
lobes. In addition the general shape of the pygofer in many 
cases whether rounded, squarely cut, shallowly notched, or 
otherwise, is an excellent specific character. 

In order not to treat this subject in an entirely superficial 
way it might be well to enter into a more specific discussion 
of related or unique species and make a comparison of the 
internal structures of those species studied which are probably 
representatives of the other species of the genus. 

It has been possible by studying these structures to divide 
the genus into groups of species which have similar types of 
internal genitalia and apparently are more closely related to 
each other than to other species of the genus. Probably the 
most striking example of this similarity is in the case of the 
round-headed spatulate group including spatulatus, rugicollis 
and limosus. These species are very large in size and can be 
distinguished from all the other species of Chlorotettix in re- 
gard to male genitalia by the four equal, long slender processes 
at the distal end of the eodagus. Muinimus also has four ter- 
minal processes but they are arranged differently and are un- 
equal in length. In this species the eodagus is cleft further 
toward the base and the needle-like, shorter processes are dif- 
ferent from those of spatulatus showing more similarity to 
tunicatus and capensis, as is also the case with the styles. 
The longer very slender and curved processes are peculiar to 
the oedagus of minimus. Spatulatus and rugicollis appear to be 
almost identical by an examination of their internal structures. 
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It might be possible, judging it upon this basis, that rugicollis 
is only a color variety of spatulatus, but other factors probably 
indicate specific ranking. The spines on the pygofers are 
arranged differently in the two cases and the habitats in the 
two species are entirely different. Spatulatus occurs in fresh 
water marshes and is commonly found in the Scirpus-Juncus- 
Sabbatia association, while rugicollis inhabits the short grasses 
of the southern pine forests where adult and immature stages 
have been found :in abundance. In this connection it might 
be stated that limosus is a species not previously described 
which has always been placed under the name of spatulatus 
but which is very different. Limosus occurs on tall grasses 
found associated with the Sphagnum tamarak bog, a distinct 
habitat from that of spatulatus. In respect to internal struc- 
tures also, Jimosus is distinct. The styles are greatly elongated 
and the four terminal processes of the oedagus are much longer 
than in any other species. The styles are so long that their 
apices are conspicuous as black spine-like processes either 
side of the plates near their tips. 

Balli and suturalis are rather closely related to the former 
group. In the case of balli, we find a species with a spatulate 
process as in the previous group, while the head is decidedly 
produced and the body is much narrower. The internal male 
structures disclose a style similar to spatulatus, while the 
oedagus has two bifurcate terminal processes which are very 
slender and curve outwardly and dorsally, which is quite 
different from this species. The proximal part of the oedagus 
bends posteriorly and is unique among these species. The 
bifurcate terminal processes of the oedagus of suturalis appear 
wide and blade-like from the lateral view curving outward 
and dorsally. The style although similar to the aforementioned 
species has a broader and more strongly curved terminal process. 

Of the remaining species studied, galbanatus, capensis and 
tunicatus show the greatest similarity. In lateral view capensis 
and tunicatus are very similar, although the oedagus in capensis 
is slightly larger. The styles, however, differ considerably 
in the posterior processes. Galbanatus and capensis have 
similar styles, but the oedagus and connective in galbanatus 
are much heavier at their junction than in the latter species. 
Viridius resembles somewhat tunicatus and capensis but is 
much smaller in size. The terminal part of the oedagus is 
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comparatively much shorter. The styles although distinct 
are of the same type as the species just mentioned. 

The styles of tergatus also resemble in a general way those 
of capensis but lack the prominent angles on the lateral edge 
as seen from the ventral view. The oedagus in lateral view 
is narrower anteriorly and projects forward while the posterior 
portion is heavier and recurved anteriorly. 

Unicolor shows some resemblance to this same group. 
The styles are similar to capensis. The oedagus is also similar 
in side view but in ventral view the body is proportionately 
wider. The terminal processes of the oedagus are four in num- 
ber, two of which are very short. The longer pair form at 
least one-fourth the total length of the oedagus. 

Lusorius is rather distinct, resembling this group only 
slightly. The ventral view of the oedagus is similar but in 
lateral view the oedagus is different from any other examined 
in the group. The styles are distinctive, lacking the terminal 
process usually present and appearing notched when seen 
from the ventral side. 

In productus the oedagus lacks the terminal processes of 
most of the other species of this group. With this exception 
the general contour of the oedagus is similar to tunicatus. 
The styles are quite similar to others of this group but in lateral 
view each bears a peculiar terminal process curved ventrally. 

In a study of this type one would naturally expect to find 
certain species with internal structures entirely different from 
any other members of the genus and from the groups which 
show marked similarities. This could be expected because 
of our method of establishing a genus from a few species and 
adding new forms to it from time to time. These are added 
because of similar external characters which might have come 
about by parallel development regardless of origin. 

Such diverse characters were found in the case of vacunus, 
divergens, necopinus, and viridius. In vacunus the oedagus 
shows no anterior process while a terminal process is formed 
by a deep notch. In ventral view it is greatly enlarged just 
before a short terminal process which is normal in size. The 
styles are only slightly curved, but are narrowed and elongated 
with rather blunt tips. In divergens the oedagus is extremely 
short, comparatively enlarged at the base and Y-shaped or 
bifurcate at the apex. In a lateral view the dorsal process 
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is not proportionately in keeping with the other species while 
the terminal portion recurves. The posterior third of the 
styles is bent sharply, obliquely back so that the curved tips 
are brought together. This unique bending of the styles is 
not found elsewhere in those species of Chlorotettix examined. 

The oedagus of necopinus is also unique. In ventral view 
it widens from the connectives to the distal end which is quite 
broad, each lateral posterior portion being armed with two 
spines. The shorter pair point inward and are somewhat 
ventrally directed while the longer pair equalling the oedagus 
in length are directed dorsally. The styles also are distinct but 
show more similarity to the styles of other species. The chief 
difference in necopinus is the lack of a curved or prolonged 
terminal process. 

The oedagus of viridius, especially in the lateral view, is 
similar to Jusorius and the tunicatus group. There are several 
minor differences which distinguish it specifically. The styles, 
however, probably show less resemblance to other species 
than any in the group. They widen to form broad flat ends 
which are heavily chitinized, forming two ridges. 

If we may judge from published work, very little attention 
has previously been given to the structure of the pygofers 
and the arrangement of spines upon them as external characters 
for specific recognition. The accompanying figures illustrate 
these specific characters very clearly and it will not be necessary 
to describe them in detail. The normal condition is for the 
pygofer to bear one or more large heavy spines, but a few 
species that have been studied lack these structures entirely 
although they have other characteristic markings upon the 
pygofers. For example suturalis bears a peculiar brush of 
short bristles on the inner edge of the lower posterior lobe; the 
rounded pygofers of necopinus have numerous scattered short 
bristles and bear a notch on the anterior ventral margin; the 
pygofers of rugicollis and spatulatus each have a slight but 
distinct bulge on the ventral margin; while the pygofers of 
vividus are almost squarely cut posteriorly. The most preva- 
lent condition among the species of the genus is the bearing 
of a single spine on the pygofer. Of this group, capensis, 
tunicatus, and galbanatus are very similar, each with a single 
spine on the posterior ventral edge. In capensis the spine is 
curved downward toward the ventral side; in tunicatus it 4s 
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directed posteriorly; while in galbanatus it bends outward 
and upward along the posterior edge of the sloping pygofer. 
Minimus also bears a spine on the ventral edge which extends 
dorsally in the genital chamber and is serrated at the tip. In 
divergens the spine is long, nearly straight, situated on the 
ventral posterior portion and is directed dorsally and posteriorly, 
extending half its length beyond the posterior margin of the 
pygofer. The long blade-like spine of tergatus is on the ventral 
posterior margin also, but is ventrally directed, doubly curved, 
and unique in structure among these species. Productus 
bears a short, ventral curved spine, high up on the posterior 
edge while the dorsal edge shows a peculiar thickening. Balli 
might also be placed with the former, since it has a spine-like 
chitinization on the median posterior edge of the pygofer. 

Three species have been placed in the group bearing two 
spines on the pygofer. In Jusorius the ventral lobes of the 
pygofers are armed with two long, heavy dorsally directed 
spines. Vacunus bears two long spines, one of which is on 
the ventral posterior edge, curved sharply upwards, then grad- 
ually posteriorly to meet the oedagus; the other arises on the 
dorsal edge and extends downward through the genital chamber 
The third species, unicolor, has a large ventral, rounded lobe 
with two short but distinct spines on the posterior margin. 
In viridius the pygofer is divided by a suture, the anterior part 
bearing several small bristle-like spines dorsally and one long 
ventral posterior spine which follows the posterior edge of the 
pygofers. Limosus is distinct in possessing a short process 
bearing five heavy spines on the posterior ventral lobe of the 
pygofer. 

From the practical standpoint, the variations found on the 
pygofers in the several species are probably the best for use in 
identification in addition to those already used such as the 
plates and valve of the male and the last ventral segment of 
the female. In a few cases the styles protrude beyond the 
plates and are thus external characters, or the posterior portion 
of the genital chamber may be open so that the oedagus is 
frequently visible either as it protrudes or is seen in its internal 
position. In such cases these can be used as constant charac- 
ters but are probably not needed in most cases for specific 
identification. 
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The value of this study, in all probability lies in demon- 
strating that internal structures are specific for the species of 
this genus and in verifying external characters now used for 
identification by the internal structures. Moreover it probably 
adds further evidence regarding the inter-relationship of the 
species of the genus. After a similar study can be made of 
all the species in many groups, it may be possible to establish 
more soundly generic affinities, but this cannot be done without 
a broad and thorough study of many groups. 

It has been possible to study only a limited number of these 
species from the standpoint of internal structures since many 
are represented by only the type specimens or small type sets 
and it has seemed inadvisable to mutilate these types for this 
study. 


Chlorotettix limosus n. sp. 


Resembling C. spatulatus in size and form but with dis- 
tinct genitalia. Length, 7-8 mm. 


Vertex slightly produced in front and appearing broadly rounded, 
almost three times as wide between eyes as length at middle. Pro- 
notum broad and rather short. Elytra long, exceeding abdomen. 

Color: Green washed with yellow, or slightly brownish yellow, 
without definite color markings. 

Genitalia: Female last ventral segment longer than preceding, 
lateral angles prominent, posterior margin excavated half way to 
base either side of a prominent spatulate process which is cleft at apex 
and extends about half the distance of the excavation. Sides of ex- 
cavation gradually sloping then convexly rounded to spatulate process. 
Male valve triangular, apex rounded; plates rather long, convexly 
rounded two-thirds their length then concavely rounded to blunt, 
rounded apices. Tips of styles prominent either side of plates just 
before apex. 


Described from a series of eight females and four males 
taken by the senior author and Mrs. DeLong in a small bog 
in the Pymatuning swamp at Hartstown, Pa., from a sphagnum- 
tamarak habitat. Also one male from Doubling Gap, Pa., 
collected by H. B. Kirk. 

The female of this species was formerly figured by the 
author as spatulatus. Although the female character is a 
constant and distinct one, it can most easily be separated from 
spatulatus by the black tips of the styles which are visible 
either side of the male plates near their tips. 
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REGENERATION OF APPENDAGES IN THE TARANTULA 
EURYPELMA CALIFORNICA AUSSERER.* 


W. J. BAERG 


University of Arkansas 


The replacing of lost organs in spiders has received much 
attention, and several studies such as those by Dr. C. Heineken, 
Waldemar Wagner (discussed by McCook), and Henry C. 
McCook are very thorough as well as comprehensive. A 
curious feature that one observes in a brief survey of the litera- 
ture is that although Dr. Heineken reached among other con- 
clusions the one that spiders could reject a mutilated joint, 
neither McCook nor anyone else has been able to confirm this. 
Another feature of perhaps more significance is that all the 
investigators agree that when spiders have reached sexual 
maturity they undergo no more molts and consequently can 
no longer replace lost appendages. 

Having kept some tarantulas under fairly close observation 
now for over seven years, I have come to the conclusion that 
these primitive spiders do not conform to what has been said 
of spiders in general. The following account will perhaps 
illustrate: 

A tarantula practically full grown and obviously sexually 
mature, was brought in on October 27, 1923. On the right 
hind leg between the patella and the tibia was a wound from 
which a considerable amount of fluid was oozing out. Two 
days later the entire leg had come off. The separation had 
taken place between the trochanter and the coxa where ap- 
parently a complete septum had been formed, for there was no 
trace of bleeding. Precisely how the leg was removed cannot 
be stated; but clearly there is a form of autonomy very much 
like it appears in the crayfish. 

Another tarantula that has been kept in the laboratory 
for about four years and a half lost the left hind leg on August 
30, 1921. The exact location of the injury on the leg was not 
observed, but the leg came off, as the one mentioned above, 
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at the coxa. The following year, on August 8, when the taran- 
tula molted the leg was replaced. Although the new leg was 
much shorter and more slender than the corresponding one 
on the other side, it was nevertheless functional and used quite 
like the corresponding one. At this time after the spider has 
gone through two more molts the new leg is 50 mm. in length, 
while the corresponding one on the other side is 57 mm. in 
length. 

That the tarantulas discard the entire leg when this is 
severely injured anywhere above the tarsus seems conclusively 
proved. Furthermore, these primitive spiders after reaching 
sexual maturity continue to molt about once a year, apparently 
as long as they live. One tarantula that has been in our labora- 
tory since the summer of 1919 (about six and one-half years), 
has molted every year at about the middle of August, except 
in the year 1922 when it did not molt. This tarantula was 
sexually mature when it was taken. Another tarantula meas- 
uring 63 mm. in length (inclusive of the upper angle of the 
chelicere) and probably the largest that I have observed, 
has molted every year since it was taken. The molts occur 
rather regularly. This tarantula molted on July 19 in 1924 
and on July 20 or 21 in 1925. 

The exact age of these tarantulas cannot be stated. The 
age of the first one described in the preceding paragraph I 
am estimating at 14 years; the age of the second at 16 years. 
The estimates are based in part on the various sizes that have 
been taken and more particularly on the increase in size ob- 
served in specimens ranging from 15 to 46 mm. in length. 
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EXPLANATORY NOTE. 


[here seems to be some uncertainty regarding the authorship of 
Macrosiphum cornelli n. sp. mentioned in my article in the last Annals 


1 and 
lhe descript ion was added to 
the article when galley proof was returned. The situation would prob- 
ably have been clearer had the description appeared as a footnote signed 
with Dr. Patch’s name. 


The description of this aphid was written by Dr. Edith M. Patel 
the species should be credited to her. ’ 


i 


Grace H. GRISWOLD, 
Cornell University 
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